PHOTOMETRY _ 


MYCALEX glass-bonded mica insulation is 
the one highly adaptable, versatile insulating 
material that combines every desirable char- 
acteristic required in a modern dielectric. 
Although far superior to lower cost dielectrics, 
MYCALEX offers considerable advantages 
over many materials costing several times as 
much. MYCALEX is available in various 


JAN APPROVED 


MYCALEX 410 is approved fully as Grade L-4B under 
National Military Establishment Specification JAN-1-10, 
“Insulating Materials, Ceramic, Radio, Class L.” 


MYCALEX 400 is approved fully as Grade L-4A under 
National Military Establishment Specification JAN-1-10, 
“Insulating Materials, Ceramic, Radio, Class L.” 


Write for 20-Page Catalog Today! 


A valuable compilation of engineering data and manufac- 
turing information on electrical insulation that you'll surely 
want for your technical file. Request it today—no obligation. 


SINCE 1919 


(THE INSULATOR ¥ 


TRADE MARK REGUS PAT OFF 
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@ MOLDS AND MACHINES _ 
TO CLOSE TOLERA 
@ MOLDABLE WITH METAL INSE 
@ CAN BE TAPPED, ae 
= _ THREADED, SLOT 
@ AVAILABLE IN RODS, 
SHEETS, SPECIAL SHA 


@ MOLDED IN PRACTICALLY 


@ LOW-LOSS FROM 60 CPS | 
TO 24,000 M 


grades, each featuring specific characteristics 
to meet particular needs. Since proper appli- 
cation of the right grade of MYCALEX has 
resulted in simultaneous product improve- 
ment and lower cost in hundreds of instances, 
it’s good business to check with MYCALEX 
before specifying sheet, rod, fabricated or 
molded insulation. 


CHARACTERISTICS 


MYCALEX GRADE 400 410 410X 
POWER FACTOR, 1 MC 0.0018 0.0015 0.012 
DIELECTRIC CONSTANT, 1 MC 7.4 9.2 6.9 
LOSS FACTOR, 1 MC 0.013 0.014 0.084 
DIELECTRIC STRENGTH, volt/mil 500 400 400 
VOLUME RESISTIVITY, ohm/em =. 2x10'5 1x10!5 5x10!4 
ARC RESISTANCE, seconds 300 250 250 
MAX. SAFE OPER. TEMP., °C 370 350 350 
WATER ABSORPTION % 24 hrs. NIL NIL NIL 


MYCALEX CORPORATION OF AMERICA © 
Owners of ‘MYCALEX’ Patents and Trade-Marks 
Executive Offices: 30 ROCKEFELLER PLAZA, NEW YORK 20 —Piant & General Offices: CLIFTON, NJ. 
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LARGEST SELLING LIGHTNING ARRESTER 


U.S. Pat. No. D-4664 


@ Protects TV Set and Home Against Lightning 
Damage. 


@ Complete with 4 ft. 
Aluminum Ground Wire 


or 
‘ yy 


and Hanger Strap 
For Universal Mounting. 


JFD JUMBO LIGHTNING ARRESTER ¢ 25 


No. AT103 for tubular and oval jumbo 
twin lead. (Universal Mounting) List 


Ribbon-Type Lead 


AT102 S25 


LIST 


versal Mounting) 
.S. Pat. No. D-4664 


DESIGNED TO PROTECT TV ANTENNA 
ROTATOR INSTALLATIONS 


@ 8 precision-spaced teeth maintain perfect 
contact with lead-in wires ... mo guess-work 
involved. 


@ Balanced bleeder and gap electrical design 

safely grounds lightning and static charges. 
e@ No wire cutting or stripping, simply place 
lead in channel and fasten cover. 


IRE 8-CONTACT 
[NING ARRESTER 


| (for wallor $ 
window sill 50 
} mounting) List 
(With strap $ 

for mast or 75 


IS pipe mounting) List 


SAY) BR Crenronmance, not size, 1s WHAT COUNTS! 


THOUSANDS IN USE 


@ Solidly and compactly constructed of high 
dielectric plastic. 


‘TLE GIANT”’ 


TNING ARRESTER 
ion-Type and Oval Jumbo, 


 aeaee $ @ 40 separate contact blades maintain sound 
since: sit 125 electrical continuity. 
| ot ail $ 8 @ Unique design conserves critical materials, 
Beier. 150 savings are passed on to you. 
S pipe mounting) List 


MANUFACTURING CO., Inc. 
6129 16th Avenue, Brooklyn 4, N.Y. 


FIRST in Television Antennas and Accessories 


Stock and sell the JFD line of lightning arresters — 
The most complete available today. Write for Form 
No. 84 showing the damage lightning can do to a 
TV installation, 
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LEADERSHIP 


.ADER is one who does not wait to be led. The 
lentist is a leader as he has brought forth new 
lige of the universe in which we live. The engi- 
a leader as he has used this knowledge to 
it into products for the people to have and to 
the things we have in the fullness of the stand- 
ving in our great country have felt the head and 
d and the heart of the scientist and the engineer. 
t them none of the things that we have would 
me into existence. With them we have all that 
e, and they are the open sesame for all of the 
yet to come. 

ever you are you see the work of the engineer. 
of our great dams and reclamation projects, 
and harbors, buildings, and roads, stands the 
sineer. In all of our automobiles, railroad trains, 
2s, and in all of the machinery in our factories, on 
ms, or in our oil fields, stands the mechanical 
r. In all of our mine products and metallurgy 
the mining and metallurgical engineer. In all of 
at process industries, foods, chemicals, petro- 
and in all of our factory chemical processes 
the chemical engineer. And in all of our electric 
and machinery everywhere, in all of our home 
ice electric appliances, in our lighting, in our 
ne and telegraph and radio and television, 
she electrical engineer. And in the new knowledge 
universe, brought to the engineer, stands the 
t. Everywhere around us the handiwork of the 
t and the engineer abounds. 

ay be a new thought to many people that the 
r and scientist are leaders in their daily work. 
s true, nevertheless, and I say it again. For those 
ll question this thought just look about you, 
a can take it for a certainty that behind any 
hings you see there is a story of accomplishment, 
that began with the leadership of the scientist 
s engineer. And if they had not been leaders 
ould not have come into being the things which 


> 
vs 


y there is a shortage of engineers and of scien- 
here is a shortage because the problems of the 
wiring technical solution have multiplied beyond 
vious thought. This has been brought about 
3 1951 
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because of the threat from without to our free institu- 
tions. We are rising to defend them. Every minute of 
the day and night the news is full of this; our elected 
leaders are in the thick of it; no one of us can escape it. 
It is now a part of every life; it is universal with us. It 
must not depress us; it must give us the strength to go 
forward into essential accomplishment. 

And in the beginning of all of the essential accom- 
plishments of the production of tanks, guns, planes, 
and other defense requirements, together with all the 
civilian needs, stand the scientist and the engineer. 
Their leadership is being utilized every moment. And as 
the requirements are ever increasing so is the need for 
engineers and scientists ever increasing. It may be 
difficult for the people to see this, but it is a fact. It 
seems to be hard for some of our elected representatives 
to see this, but it is still a fact. 

It was just a few years ago that there was thought to 
be a surplus of engineers, and such an influential arm 
of the government as the Department of Labor spread 
a statement of this through the press. That surplus 
never came. Today the alarm—a genuine one this 
time—is entirely different; there is a shortage of engi- 
neers and also of scientists. It follows, therefore, that 
they should be continued in their places. Students of 
engineering and science should be permitted to com- 
plete their courses and take their places to bring their 
type of leadership to bear upon the problems of the day 
which have to be solved. This is not class favoritism; 
it is just good common sense. 

The whole point is that the engineers have through 
the years been one of the great forces in achieving the 
tremendous productivity of our country. Heretofore 
there has been too little recognition of that fact and 
they must be brought into the foreground of recogni- 
tion to their rightful place. Through the years as they 
have contributed their part in bringing us the things 
we have, they have never beaten the tom-toms for 
themselves. They could well be called the unseen men 
in the productivity leadership of our country. 

But it is different now and there must be definite 
recognition of the engineer and the scientist if our 
country is to advance. All the facts and figures point 
this out. EVERETT S. LEE 
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WHAT MAKES THE ECONOMY TICK? 


The influence of basic factors responsible for the high 
productivity of the American economy. Recent trends, and 
the vital stimulus needed to maintain its rapid increase 


HE American economy is the most productive in 

the world. With less than 7 percent of the world’s 
population, the United States produces almost 40 
percent of the world’s goods. This means that the 
average worker in the United States is about nine 
times as productive as the average worker in other 
countries. In some of the western European countries, 
output per worker is from one-half to two-thirds as 
much as in the United States; in Canada, it is almost 
as much as in the United States. 


Productivity of the American Economy 

What is the explanation for the extraordinary pro- 
ductivity of the American economy? The immediate 
explanation is the use of large amounts of power-using 
equipment per worker. There is a close relationship 
between the proportion of the world’s goods produced 
by the American economy and the proportion of the 
world’s power consumed by the American economy. 
Not only does the United States produce about two- 
fifths of the world’s goods, but it produces about 38 
percent of the energy turned out in 30 countries con- 
taining about four-fifths of the population of the earth. 
The use of energy per person engaged in mining and 
manufacturing in the United States is about 89 percent 
higher than in Britain, 30 percent higher than in 
Canada, and more than three times as large as in 
Germany and France. 

The influence of power-driven equipment upon pro- 
duction is shown also by the close relationship between 
the growth of output per worker and the growth in the 
use of power. Between 1900 and 1940, horsepower- 
hours of energy from minerals, fuels, water power, and 
work animals increased about three times as fast as 
the use of human energy, and output per man-hour 
increased about 2.7 fold.® 


Industrial Research 

The growing use of power and of power-using equip- 
ment is made possible only by changes in methods and 
the development of new materials. To increase greatly 
the use of power per worker in local transportation, for 
example, it was necessary to replace the horse with the 
automobile or truck. The development of new methods 
and new materials is brought about in the main by 
industrial research, which has been expanding rapidly. 


(})Dewhurst and Associates: America’s Needs and Resources, p. 787, 
Twentieth Century Fund, New York. 

(??)Committee for Economic Development: How to Raise Real Wages, p. 31, 
New York. 


14 


By SUMNER H. SLICHTER 


Lamont University Professor, Harvard University 


GENERAL ELECTRIC REVIEW 


See 


Expenditures on industrial research were nine tim 
large in 1940 as in 1920, and they are twice as large 
as they were in 1940. The number of chemists, assa 
and metallurgists has increased from less than 90t 
1900 to 60,000 in 1940; and the number of tech 
engineers from about 43,000 in 1900 to 278,00 
1940. In 1920, there were about 300 laboratories : 
9000 employees engaged in industrial research. By, 
there were 2200 laboratories with more than 7 
employees. 

The change in methods shows itself in the chang 
the kind of power used by industry. Between 1900 
1940, for example, the horsepower-hours of energy, 
work animals dropped over one-half, but energy ° 
waterpower increased more than 18-fold; from _ 
90 percent; from petroleum, over 20-fold; and _ 
natural gas, about 11-fold. 


Basic Influences ; 
The great productivity of the American ecor 
cannot be satisfactorily explained merely as a rest 
the use of large amounts of power and machinery. . 
explanation, through valid, is also superficial. It 
not tell us why the United States uses far more 
and machinery per worker than other countries. ¢ 
countries also have the opportunity to use powes 
machinery. The discoveries of modern technologs 
published in books and journals that are availali 
everyone. Why does America use so much more f 
and power-driven machinery than other cous 
and spend so much more on industrial research? ” 
are the questions that must be answered in expla 
the great productivity of America’s industry. 
Seven principal conditions explain this hig : 
ductivity. Although some of these conditions ai 
longer in existence, or have considerably diminis 
importance, their effects still last. Other on 
conditions became important only after industr 
came well established here. The seven condition: 


(1). The individualistic and enterprising cha : 
of the immigrants to this country; k 
(2). The newness of the country and the « 
quent weakness of traditions; ; 
(3). The lack of class organization and st! 
cation; : : 
(4). The scarcity of labor and capital in re 
to natural resources in the early days of the cow 


i 
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5). The suitability of the land in most parts of 
country for small owner-conducted farming and 
unsuitability for the development of large-scale 
ning; 

6). The large population in a free-trade area; and 
7). The rapid growth of the country. 


 mdiwidualistic and enterprising character of the 
rants to this country. A large proportion of the 
immigrants to America sought religious or politi- 
oerty. In later years, economic opportunity be- 
more important. The long, expensive, and arduous 
sy discouraged the week and the lazy, whereas 
ig rewards to be gained attracted the hardy and 
ourageous. Thus the immigrants to the United 
s tended to be more than ordinarily freedom- 
y, ambitious, and enterprising, and the country 
oped strong traditions of self-reliance and in- 
ial initiative. Although the population of the 
d States is now nearly all native-born, from 1880 
20 about 13 percent of the population was foreign- 
and many more were children of foreign-born 
ts. The steady influx of immigrants tended to 
alive the traditions of individual initiative and 
prise. 

2 newness of the country, and the consequent weakness 
ditions. Animportant reason for the high produc- 
‘of American industry and the rapid technological 
ess here has been the receptivity of the country to 
ological change—the willingness of American 


srises to experiment with new methods and to 


old equipment. This is in contrast to countries 
irope where the environment is less friendly to 
e, particularly to technological change. American 
unionists and businessmen who have visited 
ye recently have all been struck with the adherence 
to conventional methods of production and to 
latively weak interest in the possibilities of im- 
ag production methods. 

> principal reason for this difference between the 
d States and Europe is the newness of the country 
he lack of traditions here. Industry is not the 
area of human activity in which the American 
ynment is much more friendly to innovation than 
uropean. Another area is religion. During the last 
ry and a half, many new religions, or religious 
have started in the United States. Nothing com- 
le has happened in Europe. 

1 yet, there are some spheres of activity in which 
mintries of Western Europe seem more receptive 
ange than does the United States; for example, 
countries of Western Europe appear to be less 
-vative in their thinking about political institu- 
than is the United States. Britain, Germany, and 
of the Scandinavian countries have been more 
x than the United States to consider more or less 
1 changes in economic and political institutions. 
s field, the more limited economic opportunities 
rope have fostered receptivity to radical political 
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ideas, whereas the abundance of opportunity in the 
United States has encouraged adherence to the in- 
dividualistic political philosophies of the nineteenth 
century. 

Part of the willingness to strive for technological 
changes in the United States is probably attributable 
to the very abundance of economic opportunity here 
—to the fact that the displacements and disturbances 
caused by technological changes have produced fewer 
problems and, therefore, have aroused less resistance. 
Be that as it may, there is no doubt that American 
industry has been operating in an environment far 
friendlier to technological change than the European. 
This has had much to do with the attitudes of American 


- managers and’ American workers toward technological 


change. 

The lack of class organization and social stratification. 
The lack of highly developed social organization has 
been favorable to industrial progress. People in the 
United States are not born into more or less well- 
defined classes. The idea that it is ‘‘unbecoming”’ for 
a young man to attempt to rise above his station is 
foreign to the United States. Hence a young man 
here does not have to be bold or original to go into 
business for himself. There are no more or less or- 
ganized groups of merchants or manufacturers whose 
ranks ordinary workers have not been expected to 
aspire to join. The absence of social stratification has 
helped produce a large number of business births here, 
and this has given established enterprises the stimulus 
that comes from having to meet the competition of new 
and aggressive concerns. 

The scarcity of capital and labor in relation to natural 
resources. ‘The scarcity of capital and labor relative 
to abundant natural resources has been important 
partly because it stimulated the accumulation of capi- 
tal, and partly because it has encouraged American 
industry to use a large amount of capital per worker. 

The reason for the relative scarcity of capital and 
labor is, of course, that the continent was vacant and 
its resources rich. The great accumulation of capital 
during the last century and the enormous increase in 
population has greatly reduced the scarcity of capital 
and labor relative to natural resources. Nevertheless, 
the scarcity of capital and labor has had lasting effects 
on the economy: It gave a strong incentive to accumu- 
late capital; the high return on capital facilitated the 
accumulation of capital; the scarcity of labor relative to 
natural resources made possible a high output per man- 
hour in comparison with other countries; and each 
worker had a large quantity of natural resources to 
help him produce. Consequently, even from early days, 
the productivity of labor (and also the compensation 
of labor) has been much higher in the United States 
than in Western Europe. It is important to notice that 
the high productivity of labor, relative to Europe, and 
its high compensation existed here even before the 
rise of modern industry. 

The original high productivity of labor in agriculture 
in the territory that is now the United States had an 
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important influence upon the technology of non- 
agricultural industry. One of the problems of city 
employers in early America was that their workers were 
inclined to leave them and take up farms. To hold 
their workers, employers in nonagricultural industries 
had to pay high wages. Because urban industries in the 
last several generations have been attracting people 
from farming, it may seem strange today to talk about 
agriculture’s competing with city employment for 
labor. In the early days of the country, however, the 
city industries had trouble holding labor. 

This early competition between industry and agri- 
culture for labor tended to make the goods pro- 
duced by urban industries high in price in relation 
to the prices of farm products. Furthermore, the high 
wages that American manufacturers had to pay to 
hold their men made their goods high in comparison 
with foreign manufactured goods. Until about 1875, 
the merchandise imports into the United States usually 
exceeded exports from this country. Until about 1860 
more than half of the merchandise imports were manu- 
factured goods, and until 1875 more than one-third 
were manufactured goods. Today, manufactured goods 
are less than one-fifth of all merchandise imports. Dur- 
ing’most of the nineteenth century, however, American 
manufacturing had the benefit of stiff competition from 
European countries. American manufacturers en- 
deavored to get protection from this competition by 
higher tariffs, but not until the Civil War were they 
able to get really high tariffs. Hence they had a strong 
incentive to be efficient. 

To pay labor high enough wages to keep it from 
going into agriculture, and at the same time meet the 
competition of European manufacturers, American 
industry was forced to use a large amount of capital 
per worker. In the early days, much of this capital 
came from abroad. Although the original conditions 
that encouraged American industry to use large 
amounts of capital per worker tended to disappear as 
the country grew older, the industrial habits estab- 
lished in the early days of the country persisted and 
affected the later practices of industry. 

Another important result of the great abundance of 
natural resources was the strong stimulus to unusual 
daring and initiative in industry. There were other 
conditions, such as the rapid growth in population, that 
helped to develop these same qualities in businessmen, 
but the underlying one was the abundance of natural 
resources. The rewards for opening to population the 
rich agricultural lands of the Middle West and for 
developing such resources as the white pine or the iron 
ore of the Great Lakes, or the petroleum of Pennsyl- 
vania and Ohio were very great. Although the rich 
rewards stimulated vigorous—often unscrupulous— 
competition, they fostered habits of great initiative and 
enterprise among businessmen. 


The suitability of the land in most parts of the United 


States for small owner-conducted farming. This was not’ 
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true of much of the South, or later of much of th 
West, but it was true of the North and of the Mi 
West. This condition was of great importanes 
determining the kind of economic philosophy 2 
developed in the United States and also the ae 
markets that developed here. 

Because most agriculture in the United States ; 
conducted by owner-operators, the economic philosog 
of the country was the philosophy of small busine 
men—men who attached great importance to be: 
independent and to getting ahead by one’s own effos 
It was not the philosophy of a class of well-to-do 
wealthy landlords who were more interested in enjoy: 
life than in getting ahead, although there were regi 
where such a class existed. But the philosophy 
independence and of getting ahead that was indi 
nous to the farmers of the North and Middle W' 
was ideal for developing the kind of ambitio 
enterprising town and city businessmen that - 
country needed. A flow of ambitious country be 
soon started moving to the towns and cities. ; 


The kinds of markets developed by the own 
operated farms in the days when most of the work 
of the country were engaged in agriculture also ft 
important effects upon city industries and their ter 
nology. The farmers were not rich, but they produc 
considerably more than a bare subsistence, and tk 
were numerous. Consequently, they provided a ge 
market for large quantities of semiluxuries. TT 
technology in the United States from early in the nii 
teenth century was given the opportunity of produc‘ 
large profits by meeting the needs of a middle-ch 
market. Textiles, shoes, stoves, household furnite 
could all be sold in large quantities provided thes ( 
not cost too much. 


Contrast the middle-class market that grew up in1 
North and Middle West with the kinds of markets tit 
have developed in those parts of the world where le 
scale agricultural operations are advantageous, € 
where there has grown up a small class of vn 
owners and a large number of farm laborers whe 
ceive bare subsistence wages. The well-to-do 
owners and their families provide a market for lini m 
quantities of handmade luxury goods. The 
number of poorly paid workers provide a ma 
mainly for foodstuffs of the cheapest kind, as well 
cheap textiles. Neither of these markets will suppom 


many thousands of owner-operated farms. 
The large population in a free-trade area. 
condition that has developed gradually as the co an’ 
has grown. By 1830, however, the population of f 
country was nearly 13 million and by 1860 ove: 
million. This was larger than the population of 
European country of that time with the exceptiom 
Britain, France, and Russia. The large markets off 
to American manufacturers have provided strong 
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> to use specialized and semiautomatic machines 
Iso to specialize labor-manufacturing methods 
re distinctively American and that have been 
| to greater extremes here than anywhere else. 


rapid growth of the country. Many people today 
forgotten how rapidly the population of the 
y was increasing during most of the nineteenth 
y. For the first six decades, the increase ran 
than one-third every ten years, then for three 
s it dropped to one-fourth, and finally, in the last 
of the century, to one-fifth. The population, 
was 5.3 million in 1800, was 23.2 million in 1850 
.0 million in 1900. 


rapid expansion of the country has stimulated 
crease in output per man-hour and thus has 
to raise the standard of living. In many other 
ies, however, the opposite has been true—in 
countries the growth of population has held 
the standard of living. The reason is that the 
se in population in those countries has occurred 
conditions that prevented it from encouraging 
cumulation of capital or the improvement of 
logy. 
he United States, however, the growth of popu- 
has stimulated both the increase in capital and 
velopment of technology. The principal reasons 
een that, the country has had large, undeveloped 
ses and that a large part of the increase in 
tion until recently has consisted of immigrants 
king age. Hence, the increase in population has 
snted to a considerable extent both an immediate 
se in productive capacity and also an expansion 
potential markets for goods. It has tended, 
re, to make both labor and capital scarce in 
n to markets. The scarcity of labor and capital 
used great efforts to raise the productivity of 
y improving methods of production. As I have 
ed, this scarcity has minimized the dislocations 
ed by technological changes and has thus kept 
the opposition to change. 

rapid growth of the country helped also to 
ate a high business birthrate and increased the 
als among newly started enterprises. This meant 
he proportion of fairly new concerns in each 
ry was high. The newly started enterprises are 
hat are least dominated by tradition, that have 
ist adherence to conventional patterns. Hence, 
xh ratio of new enterprises to all enterprises has 
to make industry progressive. 


n all the various conditions that have made for 


roductivity in American industry are considered, 
impressed by the fact that a combination of 
ions rather than merely the separate conditions 
Ives have produced the high productivity of 
By here: 
re have been other new countries in North 
“a and South America where both labor and 
have been scarce in relation to natural resources 
iere established traditions were weak. But these 
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countries have not achieved the high productivity of 
the United States. One important difference between 
these other countries and the United States was that 
settlements in the other countries were developed under 
the close supervision of European governments, not 
by people seeking religious liberty. Another important 
difference was that conditions in most other countries 
were not favorable to the growth of small owner- 
operated farms. Hence these countries did not produce 
the philosophy adapted to owner-operated businesses 
and there did not grow up in them middle-class markets. 


Recent Influences 

As I have pointed out, some of the conditions that 
explained the high productivity of American industry 
have disappeared or are disappearing. For example, 
immigration is no longer large, labor and capital are 
far less scarce in relation to natural resources than 
formerly, American manufacturing is no longer receiv- 
ing the strong stimulus from European competition 
that it felt during much of the nineteenth century, and 
the rate of growth of population, which has been of 
great importance in stimulating the economy, is slowing 
down. In the decade of the twenties, the increase was 
16.1 percent; in the thirties, 7.2 percent; in the forties, 
14.5 percent. Although the growth of population during 
the next decade or two will considerably exceed recent 
estimates, the rate of increase will probably not be 
greater than about 15 percent per decade, in comparison 
with substantially higher rates in the nineteenth cen- 
tury. In addition, stiff increases in income taxes have 
greatly diminished the gains that are to be achieved 
from starting new enterprises and building large and 
successful businesses. Do these changes mean that the 
country will be less successful in raising output per 
man-hour than it has been in the past? 

Probably not. Although some conditions that helped 
make American industry highly productive are dis- 
appearing, others are remaining; and during the last 
thirty years some new causes for high productivity 
have developed. The lack of class organization and 
social stratification persists. A large number of new 
business enterprises are started each year. Furthermore, 
the United States has a far larger population in a free- 
trade area than any other country except Russia, India, 
and China. This, as I have pointed out, is of great 
importance because it means that technological meth- 
ods that would not pay in smaller markets can be used 
here. The size of the American market is not measured 
by the number of people alone; per capita income is also 
important. The high per capita income combined with 
the large population means that it is economic to use 
highly mechanized methods for making many kinds 
of goods, particularly durable consumer goods, that 
could not be produced economically by these methods 
in smaller markets. Finally, during the last generation 
there has been an enormous spread of technological 
research. Such research is stimulated by the large 
markets that can be tapped by cheaper or better goods. 
Such research both produces competition and is also 
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stimulated by competition, and competition helps keep 
the economy progressive. If one enterprise engages in 
research, its rivals must do likewise or be left behind. 
Consequently, the rapid growth of industrial research 
seems destined to continue. The large markets of the 
United States also improve the opportunities to apply 
in civilian industry some of the technological dis- 
coveries that are produced by military research. 


Present Requisites 

It would be unfortunate, however, if the people of 
the United States were to become complacent about the 
possibility of maintaining a rapid increase in pro- 
ductivity. There are some conditions that retard the 
rise in the productivity of the economy. One of the 
most important of these pertains to the survival of new 
enterprises. Although the number of new concerns 
started each year is large, a high proportion fail to 
survive more than two or three years. It seems clear that 
the men whose ability and experience best qualifies 
them to go into business for themselves tend to stay 
with established concerns. This is understandable 
because the best qualified executives in existing con- 
cerns have the best prospects for promotion. Further- 
more, on retirement most of these executives will 
qualify for pensions. Why should they leave the 
security and good prospects of their present jobs for the 


HIGH LIGHTS AND SIDE LIGHTS 


Steel Mill in the Alps 


A new $7,380,000 steel blooming mill 
has made the Oesterreichisch-Alpine Mon- 
tangesellschaft steel works in Donawitz, 
Austria, one of the most modern in 
Europe. 

Located in the American zone of oc- 
cupation within 50 miles of the Iron Cur- 
tain, the mill replaces one dismantled by 
the Russians in 1945 as war booty. The 
new facility was financed by ECA funds. 
Scheduled to furnish 60 percent of Aus- 
tria’s crude steel, it is designed for a capac- 
ity of 75,000 tons of steel monthly. 

The twin mill drive uses two 4000-hp 
d-c motors operating on 800 volts. These 


ing mill 


Twin mill drive (8000-hp) in 
operation in the new bloom- 


-; Newly equipped steel works 
. locatedin the Mur Valley in 
| the Austrian Alps 
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risks of starting new enterprises? Finally, it is also f 
that the facilities for providing capital for new ji 
prises are far from adequate. £ 
It would be highly stimulating to the economi 
well-qualified men started more new concerns * 
were to grow into larger enterprises. Such cone 
would grow partly by taking business away from o; 
firms. Each would be compelling other concerns té 
more alert and progressive. As a result, all enterpn 
would seach far more vigorously for new and chee 
methods of production and they would strive haz 
to improve their products. This is not the place to 
line the various steps that might be taken to inera 
the number of well-qualified persons who go into E) 
ness for themselves; but a program to improve: 
quality of business births is one of the great ness 
the country. : 
The American economy has been progressive 
hence constantly growing in productivity beca 
Americans have always had a healthy dissatisfaex 
with things as they are and they have been willing 
try something new and different. If Americans as 
to keep output per man-hour rising as rapidly as it 
increased in the past, they must not become aa 
with their economy; they must be on the lookout a 
times for weak spots in it and for ways in which it: 
give consumers more and better goods for less mon 


‘; 
a 


single-armature reversing motors prog 
8000 hp at 50 rpm, with a maxim ur 
120 rpm and a peak load capacity of 
percent. The motors can be reve a 
the 50-rpm level in less than two seco? 


Supplying power to the motors — 
flywheel motor-generator set whic 
cludes a 6000-hp 500-rpm wound-r 
induction motor, four 1750-ky d-c gent 
tors, and a steel-plate flywheel 1 
stored energy of 185,000 hp-sec at 5007 


Officials of the Austrian firm hope f 
production of nearly a millions a 
steel annually within the next thr 
four years. ‘The maximum output oft 
old mill was less than half of this. — 


Octobe 


EVISION BROADCAST ANTENNAS 


Overcoming problems encountered in transmitting 4 million cycles of 
intelligence per second as a signal for television receivers. Major 


antenna requirements and the need for continued development 


4EVISION is becoming one of the greatest in- 
lences in American life today and it appears to 
ren greater potentialities in the future. Approxi- 
12,000,000 sets are now in the hands of the 
In the order of four persons may be watching 
t, which gives a viewing audience of 48,000,000 
The impact of drama, novelty acts, sports, and 
ings of national interest are changing the leisure 
of the nation. In areas where television trans- 
-are operating today, it is a common sight to 
siving antennas sprouting on almost every roof. 
‘e remote locations, miniature towers are seen 


ting elaborate arrays in an effort to obtain 
signals in this new medium. 


insmitting Antenna 

problem of laying down a signal which the re- 
antennas can use is of utmost importance. The 
ty of producing power at all at the high operating 
icies of TV is great. It becomes even greater, 
ring that the transmitter must deliver 4 million 
of intelligence per second, or almost 4 times the 
standard broadcast band. The transmitting 
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percent; the second requirement is that the power of 
the transmitter be directed to cover the landscape 
where the receiving antennas are located with the 
maximum possible signal. Energy directed skyward is 
of no benefit to anyone. For a transmitter located 
centrally with respect to its audience, the desirable 
radiation pattern would be a saucer-shaped field with 
its maximum energy directed toward the horizon. 
(Fic. 1.) 

The thinner this shape of energy can be made, the 
less energy will be lost, and the greater will be the re- 
ceived energy at the remote locations where the need 
is greatest. The only limitations on this are mechanical 
in nature, either because of difficulty of construction 
or difficulty in reducing tower sway with wind. Occa- 
sionally, with respect to immediate surroundings of 
very high antenna locations, a weak spot, or null, close 
to the antenna has been observed. This is the excep- 
tion, however, and it can be overcome by making a 
relatively slight change in part of the antenna. 

Antennas with a considerable degree of horizontal 
directivity are desirable when located at one edge of a 
service area. These have not found wide usage, how- 


Fig. 1. A sketch showing the omnidirectional radiation pattern of a television antenna 


a which transforms this precious power into a 
wailable for the receiver has a major role to play. 


fequirements 

idition to many minor problems the design of a 
on antenna must overcome two major ones: The 
n absolute must, is that it present the correct 
nce to the transmission-line feed over the oper- 
requenciés with a tolerance in the order of 5 
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ever, partly because of the difficulty of producing such 
an antenna, and partly because the actual gain to be 
realized with the directivity which can be tolerated is 
relatively slight. 


Antenna Impedance 

Many approaches have been taken to produce 
antennas which overcome the serious problem of pre- 
senting a correct and constant impedance over a very 
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Fig. 2 
Carters’ cones 
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An ellipsoidal radiator and its 
equivalent circuit 


Fig. 3. 
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wide frequency range. A traveling-wave (nonresonant) 
type of antenna terminated in its characteristic im- 
pedance provides the most enticing solution to this 
problem. The well-known rhombic™ is an example of 
this, but it has the drawback of being very directional 
and therefore not particularly suited to broadcasting. 
Much effort and ingenious design has gone into making 
resonant antennas to achieve the desired resistance with 
wide-band characteristics. The Carter’s Cones®) (Fic. 
2) and other fan-type structures represent an approach 
to this by so distributing the shape of the radiating 
elements as to maintain an almost uniform current 
along them. 

The prewar WNBT ellipsoidal’ radiating elements® 
were arrived at empirically to simulate the well-known 
constant-resistance network where the radiation resist- 
ance in each arm is equal to the square root of the 
inductance-capacitance ratio (Fic. 3). This gave a phe- 
nomenally wide band in the order of 60 percent of its 
center frequency, but it was expensive and difficult to 
support generally. 


Quarter-wave Technique 
Many variations of dipoles, loops, squares, etc., 
have been undertaken where compensation techniques 
were used for reducing the rapid impedance change 
with frequency. A favorite trick in this connection is 
to use the impedance inversion characteristic of a 
quarter-wave transmission line. If an impedance is 
placed at the remote end of such a line, it will appear 
at the driving point as 
Zia 
Z\ Z, (1) 


where Zp is the surge impedance of the line and Z, is 
the load impedance (FIG. 4). 

Paralleling\Z, with a second Z, gives a combined 
impedance of 


ZL 
See (2) 
Le +L 


(1) Numbered references are listed at the end of the article, 
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If now Z, is made approximately equal to Zz 
Za =Z(1+6) | 
(where 6 may be complex) then 
(1+6) 


Lo 
ae & 
Lie (: peas 


Zr== 


: 
or to a first approximation 
3 ; 


This, of course, holds only as long as the 1 
electrically a quarter wave and 6 remains mud 
than unity in absolute magnitude. In practice, thi 
remarkably well at covering up shortcomings i 
radiating elements themselves when identical rad 
are connected together through such a quarter 
line. ; 


Superturnstile Antenna 

An important by-product of this quarter. 
technique with dipoles or their variations is the 
two elements are automatically driven in time 


location, there is observed what appears to 1 
electric vector rotating synchronously with the ¢ 


horizontal direction. The result is a happy marr 
wide band and omnidirectivity which is known 
“turnstile” antenna.“ _ 


Fig. 4. A quarter-wave transformer 


y, 
he 


Vavavie.ord 


superturnstile antenna (Fic. 5) was again 
uly derived, this time as a radiating element 
‘cuited to the supporting structure at both ends 
yen in the middle as a half-wave resonant line. 
er proportioning of the appendages hung along 
*, &@ more or less uniform vertical current dis- 
n was obtained which, as will be described later, 
1 more vertical gain or compression of the 
g field than the simple dipole. In addition, this 
proved to be sturdy and simple to construct, 
deice, and was selfgrounded against lightning. 


>A s > B 
od 
Fig. 6. The effect of an aperture on the 


radiation field 


Directivity 

ition can now be given to the problem of vertical 
ity or gain, where there are some rather basic 
ons on the gain that can be achieved for any 
ertical dimension of radiating system. Note the 


he 12-bay superturnstile antenna at WHAS, Louisville (Kentucky) 


diagram in Fic. 6 and consider, for a moment, a unt- 
form parallel radiating field in the region A encounter- 
ing an infinite sheet of absorbing material with an 
aperture S in the vertical direction. 

The field in the region B will be diverging, and the 
angle of divergence (at the half-power points) will be 


51d 
a= ie degrees (6) 


where \ is the wavelength of the energy. Obviously, 
the smaller the value of a the more concentrated will 
be the energy and the greater the field on the horizon. 
From the standpoint of an observer, in the region b 
and remote from S, the condition is the same whether 
the field came from behind a sheet or was generated 
at S by currents in conductors. Because of the imme- 
diate concern with antennas, the important things are 
uniform in-phase currents over large values of S. 
Equation (6) represents a rule-of-thumb ultimate goal 
of antenna design. 

The most common practice is to stack a number of 
radiating elements vertically and attempt to drive 
them all in phase (as viewed from any given horizontal 
direction). Ordinary dipoles whether large-diameter, 
conical, or specially shaped require large numbers for 
good utilization of vertical pole dimension because the 
illumination occurs in “lumps”’ rather than being uni- 
formly distributed. 

On the other hand, the superturnstile antenna is par- 
ticularly well suited to uniform illumination because 
each element produces a long vertical distribution of 
nearly uniform current. The WHAS television antenna 
at Louisville (Kentucky) has demonstrated the feasi- 
bility of carrying this to 12 bays at 200 mc (Fic. 7) 
which gives a vertical aperture of nearly 100 ft and an 
effective power gain of over 12. To insure exact phase 
and equal distribution of power to each element, they 
are fed from a common junction box with equal lengths 
of cable, the excess of which is coiled up for the near 
elements. 


Transmitting in the UHF Field 

In the UHF field (470 to 890 mc), the problem of 
bandwidth becomes less severe because the video or 
intelligence band (4 mc) remains fixed and therefore 
a smaller percentage of the operating frequency. At 
the same time, however, the need for higher gains is 
even greater than at the lower VHF channels. One 
approach is the pyramiding of large numbers of res- 
onant slots cut in a vertical pole and fed from a 
central conductor. These slots are cut in groups 
of four located at 90-deg intervals around the pole 
and driven in time-phase quadrature so that again 
the effect is the equivalent of a turnstile producing a 
rotating relatively uniform radiation field. Although 
this achieves a relatively high gain, it becomes difficult 
to balance and tune each slot. This technique has been 
carried to the extent of 24 bays or 96 slots and a power 
gain of approximately 17 obtained. 
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The Helical System 

The most promising approach to the UHF-TV 
transmitting antenna appears to be the ‘“‘sidefire’’ 
helical system.® Here advantage is taken of the wide 
impedance bandwidth characteristic of a traveling- 
wave type of radiator (untuned). The radiator is a 
wire or tod coiled about the supporting pole. The 
diameter of the helix is so chosen that the circumference 
is an integral number of wave-lengths. Thus, when 


Fig. 8. A single-bay high-gain helical radiator 


viewed from any azimuth angle, the current in the 
visible portion of each turn is in phase with every other. 
By adjusting the pitch of the helix, this provides as 
smooth an illumination of the vertical aperture as 
desired. Because of this pitch, there will be a vertical 
component of field from a single helix. To overcome 
this a second helix, spiraling downward but in the 
same direction of winding as the upward one, is fed 
jointly. This provides a vertical component in opposi- 
tion, hence cancelling. The horizontal component, on 
the other hand, aids the first helix. The radiation per 
turn is determined by the spacing from the pole, thus 
making a sufficient number of turns; the energy at 
the far end becomes so negligible (having been radiated) 
that it can be left open, grounded, or treated in any 
desired manner. Shown in FIG. 8 is a single-bay helical 
radiator. 

To achieve more gain, it is necessary only to add more 
bays or sections, being careful only to feed each in 
phase with the others. By inserting a rigid copper 
tube in the mast, a coaxial transmission line is achieved 
from which energy can be coupled to the helix. This 
transmission line can be’solidly short-circuited one- 
quarter wave below the primary line feed point and 
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one-quarter wave above the last take-off point 
radiators. The result is a ‘mechanically simple, 
structure. Even the tower beacon light obtair 
power from cable passed through the inner 
tube. Lightning protection is achieved by s 
grounding the upper end of the top helix to the 
and tying adjoining ends of adjacent helices toge 
The small picture at the beginning of the article s 
a four-bay UHF helical antenna. F 

The questions of wind loading and deicing are 
present. The successful antenna is usually the 
which best solves these problems while still achi 
the required electrical characteristics. The super 
stile lends itself to deicing the critical section b 
insertion of a Calrod* heater in the tube paral 
the pole. Wind loading is cut to a minimum by 
use of as few struts as possible in the element. q 

The helical antenna is deiced by passing low-y 
high-current AC through the copper-clad steel r 
the helix from a transformer at the bottom 6: 
antenna to the grounded top end—the ultima 
simplicity. In addition, wind loading is very low, | 
principally that contributed by the pole itself. ; 


Development Possibilities 
The field for TV antenna development is still 
Perhaps the least explored area is that of special 
zontally directive patterns. Certain types of symn 
cal patterns such as a figure eight, footprint, ete 
f : : 5 if 
be obtained by time-phasing the turnstile types | 
than in quadrature around the pole. Some ty: 
dipole systems with built-in ground planes‘ 
produce asymmetrical patterns but these have th 
advantage of high wind loading. . 
A degree of ‘“‘umbrella’’ shaping to the othe 


ee: 


one bay mechanically with respect to the 
Always welcome, however, will be an antenna e 


strain on the supporting structure. 
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Use of the spherical photometer for measuring the 
luminous flux of incandescent and fluorescent lamps 


OR to July, 1950, the unit of light had never 
n established by law in the United States. In 
the National Bureau of Standards, by agree- 
with laboratories in France and Great Britain, 
uced the International candle. This agreement, 
er, did not provide for any primary reference 
id. Pending the development of a satisfactory 
tandard, the “‘candle’’ was represented by groups 
don-filament lamps. As other types of lamps were 
ped, working standards of the new types were 
independently in various countries. This required 
comparison of lights of different colors, which is 
difficult, and led to some diversity of units. 
ver, Germany and Austria never accepted the 
ational units of light. 


STANDARDS OF LUMINOUS FLUX 


j 
sr years of discussion and experimental work on 
ids of candlepower and on the photometry of 
of different colors, general agreement was reached 
) points: first, the best type of primary standard 
vailable is a radiator of the type known as a 
body, at a temperature controlled by molten 
am at its freezing point; second, lights of dif- 
colors should be evaluated by means of certain 
rd luminosity factors representing the spectral 
vity of the average eye under specified conditions. 
se two elements give a basis for a complete system 
tometric units when a numerical value is assigned 
. brightness of the platinum black-body standard. 
ghtness expressed in international units was ex- 
ntally determined to be 58.9 candles per square 
eter. In 1936 the National Bureau of Standards 
ed that the round value of 60 c per sq cm be 
.d as defining a new basic unit, to be extended 
its of other colors by means of the accepted 
sity factors. This proposal was approved by the 
1 States National Committee of the International 
ission on Illumination after favorable recom- 
tion by a committee including representatives of 
nerican Institute of Electrical Engineers, Illumi- 
Engineering Society, Optical Society of America, 
1al Electrical Manufacturers Association, Edison 
c Institute, Association of Edison Hluminating 


id GreNERAL ELectric REVIEw, vol. 54, no. 9, Sep- 
oot. Atha iea Part I,” by M. H. Gabriel, C. F. Koenig, and 
ab, Jr... > 
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General Electric Company 


Companies, Electrical Testing Laboratories, and lamp 
manufacturing companies. 

This new system of units was adopted by the Inter- 
national Committee on Weights and Measures in 1937 
and approved by ICI in 1939, but because of the war 
the execution of the plan was delayed until January 1, 
1948. Then on July 21, 1950, the 81st Congress ap- 
proved Public Law 617, giving legal status to these 
photometric units. 


Magnitude of Units 

The light from the platinum black-body radiator is 
not greatly different in color from that given by carbon- 
filament standard lamps; the color of the lamp fila- 
ments is about 2100 K, whereas the freezing point of 
platinum is 2046 K. In this range of color, the new 
unit of intensity is about 1.9 percent smaller than the 
old international candle, and sources of light are given 
correspondingly higher numerical ratings. However, 
when light sources of higher color temperature are 
compared with these basic standards, the accepted 
spectral luminosity factors give slightly lower values 
for the whiter sources than were obtained by visual 
measurements when the international units were estab- 
lished. The difference between the two scales therefore 
decreases as the color temperature of the sources meas- 
ured is increased, and for sources in the range of ordi- 
nary vacuum tungsten-filament lamps, around 2500 K, 
the new scale crosses the international scale used in the 
United States. Furthermore, when the range of stand- 
ards was extended to gas-filled tungsten-filament lamps 
and other new types, the measurements were made by 
methods nearly in accord with the luminosity factors. 
Consequently the present ratings of tungsten-filament 
lamps in this country was practically unaffected by the 
change, no type being changed by more than one 
percent. 


Current Practice 

Since these units have now been legally established, 
and since the Bureau of Standards is recognized as the 
authority for maintaining these basic units, any labora- 
tory engaged in making photometric measurements 
should establish and maintain an agreement with them. 

This can best be done by acquiring from the Bureau 
groups of photometric standard lamps which they have 
calibrated and certified. These lamps should be specially 
constructed and selected for the purpose to assure stable 
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values, and should, of course, also be properly seasoned 
before they are submitted for certification. 

The types of standards required depend somewhat 
on the kind of lamps being measured. In general, it is 
a good practice to employ standards having approxi- 
mately the same characteristics as the lamps being 
measured. This will minimize some of the errors caused 
by poor receiver linearity and sphere integration. It is 
also recommended that no fewer than four lamps be 
used to represent any particular type, and that they 
be properly preheated and operated in the same burn- 
ing position in which they were certified. 

Since standards, like any regular lamps, change 
throughout life as they are burned, it is advisable to 
avoid excessive burning. One way to prolong the certi- 
fied values on a group of basic standards is to make 
from them a group of secondary, or working, standards 
for everyday use. The basic standards can then be put 
away and used only for occasional comparisons with 


WARD LEONARDO. 


DPV 


TSKA 


» Ee 
SIA 
12076.3V-1.2A 
—$——__—__0 ° 
s2 1A 3i\| Y 
120V-607) | : 
SWE nf 1A, 
te eeae Oy 
= x 
120/2.5V-10 A Q-0.54 DG 


the working standards. This practice is recommended 
especially where a considerable amount of photometric 
work is done. 


Gaseous Lamps as Standards 

Gaseous-discharge lamps can be used as standards, 
but should be calibrated by a recognized laboratory, 
under controlled conditions. They should be seasoned 
for at least 300 hours, and then carefully selected for 
stability of operation and physical appearance. The 
spectral characteristics of the photometer are not so 
important as long as the standards are of the same 
color and size as the lamps that are to be measured 
This sometimes involves a great number of standards. 

The main disadvantage in using discharge lamps as 
standards is that they are not always as reliable and 
as constant as incandescent standards. The luminous- 
flux values may vary as much as several percent, even 
though all precautions seem to have been taken. 

Incandescent-filament standards are preferred for 
their constancy and reliability of operation. Their 
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‘ 
luminous-flux characteristics remain substantially 
stant for repeated operation. They are not affecte 
ambient temperature or wave-form distortion, 
reach stabilization in a very short time, thus spee 
up the calibration of the photometer. 

However, the spectral difference between incan 
cent-filament lamps and gaseous-discharge lamps m 
it necessary to use gaseous-discharge lamps as stand 
unless the spectral characteristics of the paint, rece 
filter combination, and differential absorption 1] 
been carefully determined. : 
Change in Mercury-vapor Standards ; 

The National Bureau of Standards announced 
luminous flux values for mercury-vapor lamps in J 
1950. The General Electric Company adopted t 
new values in August, 1950. : 

This revaluation places the mercury-vapor lamp: 
basis consistent with incandescent and fluores 
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Fig. 11. Auxiliary circuit used to extend voltage-regulator current ra 


lamps. Values of luminous flux for fluorescent an 
candescent lamps were changed slightly Januar 
1948, following the new international agreement, 
change was generally less than one percent for 
regular types of lamps, but the 1950 revaluatio 
mercury lamps was much greater: 9 percent a 
for 400-watt and 4.5 percent lower for 250-watt 

The new change in values. for mercury-vapor la 
was due primarily to improvements in photome 
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uique. The original standards were calibrated by 
National Bureau of Standards by direct visual 
yarison with incandescent standards in force at 
time. This comparison is one of the most difficult 
1e visual photometric problems, because of the 
, difference between the spectral distributions of 
int flux in the two types of light sources. Light 
the incandescent source gives continuous spectrum 
ighout the visible range. Light from the mercury- 
r lamps is concentrated largely in the yellow, 
1, blue, and violet regions of the spectrum, which 
ss it almost impossible to obtain a good color 
fh. 

us difficulty in color matching and the different 
acteristics of the ‘human eyes were the chief causes 
he discrepancy between the incandescent and 
ury-vapor lamp values. The development and im- 
ements of the physical photometer have made it 
ble to evaluate these metcury-vapor lamps with 
1 greater accuracy. 


PHOTOMETRY OF INCANDESCENT LAMPS 

ost photocell measuring circuits, and particularly 
yne described in this article, have an extremely 
tive response to any slight changes in luminous 
Since the output of a lamp depends largely upon 
roltage impressed upon it, the power supply, volt- 
regulation, and electrical measuring instruments 
me important factors in obtaining accurate over- 
leasurements. Each of these items is covered in 
lin the following paragraphs. 


r Supply . 

has been proved experimentally that the same 
sre and luminous-flux values will prevail for an 
idescent lamp, whether they are measured on 
nating or direct current. From the standpoint of 
ation and control, however, a d-c supply lends 
more readily than a-c. This power can be obtained 
r from a group of storage batteries or from a 
r-generator set, provided that it is equipped with 
tage regulator to compensate for any line dis- 
inces caused by varying load conditions or com- 
tor fluctuation. 

e relative merits of a battery vs. a motor-gener- 
are mostly a matter of economy. The initial cost 
maintenance of a group of batteries usually are 
derably higher than those of a generator. In all 
“respects, either will give a satisfactory perform- 


e voltage regulator described here is of the elec- 
: type and, when used with suitable control rheo- 
will work equally well with either battery or gen- 
r within the limits of its capacity. This particular 
ator, which was designed and built in the Lamp 
ng Laboratory, will accommodate lamps in either 
20- or 240-volt range, having a current rating of 
han 3.0 amp. Regulation is within +0.01 percent 
the range of 80 to 140 volts on the low scale and 
) 260 volts on the high scale. 
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An auxiliary has also been developed which, when 
used in conjunction with the regulator, extends the 
range to 8.0 amp. The wiring diagrams for the bleeder 
and auxiliary are shown in Fics. 10 and 11. When high- 
ampere lamps are read, the auxiliary plugs into the 
bleeder proper by means of the connectors shown in 
the diagrams. 
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Fig. 12. Complete electrical circuit of the incandescent-lamp photometer 

These regulators are connected across the d-c supply 
on the load side of the control rheostats as shown in 
Fic. 12. The regulator will then bleed some current 
through the rheostat that will be in addition to the 
current taken by the lamp. If the voltage across the 
lamp and regulator tends to rise, the regulator will 
draw more current through the rheostat, and in this 
way reduce the voltage at the lamp to its correct value. 
Conversely, if the voltage tends to fall off, the regulator 
will draw lessscurrent through the rheostat, thereby 
raising the voltage to its original value. 


Instruments 

Another factor in favor of d-c operation is that, in 
general, it permits the use of d-c instruments which 
have desirable characteristics for this application. 

The ratio of luminous flux to voltage is of the order. 
of four to one. Since the photoelectric receiving circuit 
described in this article has an accuracy of 0.1 percent, 
it becomes necessary to employ electrical instruments 
having a proportionately comparable accuracy. This 
suggests the use of either laboratory standard meters 
or potentiometers. 

In this instance it was considered expedient to use 
potentiometer equipment, and for the purpose the 
Brooks type deflection instrument was selected. This 
instrument has an over-all null reading accuracy of 
+(.02 percent. The volt box extends the range of the 
potentiometer from 0 to 150 millivolts to include 
these voltage scales: 0-1.5/3.0/7.5/15/30/75/150 /300 
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volts. With the addition of the multi-range shunt, 
it is possible to obtain 0-0.75/1.5/3/7.5/15/30/75/150- 
amp scales. 

With this equipment, and proper power supply, it is 
possible to measure any electrical values encountered 
in lamps ranging from the smallest flashlight types up 
to the limit of the circuit and the instruments. 

Fic. 12 shows a complete layout of the various power- 
control and measuring units arranged in their proper 
order for operation as shown in Fia. 1 (Part I, in GENERAL 
ELEcTRIC REVIEW, Sept. 1951). These are composed of 
the following items: 


Sphere (30-, 60-, 80-in. dia as needed) 
Potentiometer (Brooks type) 

Volt box for potentiometer 

Shunt for potentiometer 

Standard cell 

Storage battery (4-volt wet type) 
Rheostat (Ward Leonard) 

Tubular rheostat (900-ohm, 0.7-amp) 
Tubular rheostat (55-ohm, 3.3-amp) 


Seasoning 

All incandescent lamps pass through a period of 
slightly rising luminous-flux characteristics during the 
early part of life. This is caused by a realignment of the 
crystalline structure of the filament and a change of 
the surface condition as the die marks disappear through 
evaporation and redisposition. 

Such transformations may result in changes of as 
much as 5 to 15 percent, with luminous values usually 
reaching stability in less than 15 hours, burning at 
normal volts. From there on the lamps are quite stable 
except for the gradual decline in output throughout life. 

In view of this it is necessary to preburn (season) all 
new lamps before attempting to measure them for the 
first time. Seasoning at normal voltage is preferred, 
because it conforms to the manner in which the lamps 
are used and also because seasoning is primarily a 
matter of time rather than degree of forcing with 
higher voltages. 


Preheat 

Even though seasoned, most lamps also -requil 
short period of operation before accurate meare a 
can be made. The time required varies somewhat, 
cording to the size and construction of the indivi 
lamp. 

Small lamps, 74% to 25 watts, will stabilize all 
immediately, whereas some of the larger types, hay 
heavier filaments and lead wires, may require uy 
five minutes of burning before stability is reached. 
example, laboratory practice is to preheat 40+ 
incandescent lamps one-half minute, the 100-watt I: 
one minute, and the 500-watt lamp two minutes. — 


Interval Measurements 
All lamps show a depreciation in light out 
throughout life, due in part to the blackening of 
bulb. 
For this reason it becomes necessary to make r m 
urements at certain intervals throughout the life of 
lamp in addition to those made initially. These m 
urements are means of evaluating the quality of a I 
from the standpoint of its performance or lumen m 
tenance throughout life. ‘ 
When making measurements on blackened lamp 
a sphere, certain precautions must be taken. When 
opaque or light-absorbing medium is placed in 
sphere after it has been calibrated, the losses indt 
by absorption of light from the multiple sphere- 
reflections will reduce the illumination on the meas 
ment window. The magnitude of this error varies 
depends on the relative size of the sphere and 
blackened lamp. : 
Compensation for these losses must be made by 
differential-absorption test described in the Theor 
the Sphere section in Part I. H 
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the sphere as an integrator. 

The size of the sphere depends, of course, on the 
of the lamps to be tested. For example, the lengt 
the lamp under test should never be greater that 
percent of the inside diameter of the sphere. It is 
sirable to so construct the sphere that one hemisp 
can swing open, allowing the lamp, cecil 
fluorescent type, to be easily inserted in the 1. 
holders (COVER). This also makes the sphere more at 
sible for painting and for cleaning. The sphere 
instrument table used in measuring fluorescent | 
are shown in Fics. 13 and 14. 
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1e sphere should be equipped with a center socket 
nted on an arm that can be raised or lowered to 
center of the sphere to accommodate lamps with 
ium or mogul bases. There should be two sliding 
3, one from each side of the sphere, which will 
ort the fluorescent lamps. A support should also 
icluded to hold the baffle. This can be a tight wire 
ss the stationary hemisphere. Fluorescent lamps 
isually photometered horizontally; other types of 
tury vapor-lamps are photometered in the position 
vhich they were designed. 

1e receiver should be in an enclosure, mounted on 
outside of the sphere, and usually in the central 
of the stationary hemisphere. A small section:of 
sphere wall in front of the receiver mounting should 
ut out and diffusing glass installed. This diffusing 
; becomes the ‘‘measurement window.”’ The receiver 
the color filter are the same as those used for 
ndescent photometry. 


incandescent-filament standards are to be used 
he calibration of the sphere, d-c power is desirable. 
,can be supplied from storage batteries or from a 
motor-generator. If a generator is used, then a 
lator is necessary. Such a regulator is described in 
il in the section on Power in the Incandescent 
ip Photometry section of Part I. Proper tubular 
Stats are sufficient for adjusting the d-c supply. 
boratory-type voltmeter or potentiometer should be 
for setting the proper voltage to the standards. 


uments : 
1e potential coils of the wattmeter and voltmeter 
on the lamp, or secondary, side of the circuit 
ld be of the high-impedance type, measuring RMS 
es. The instruments used on the line, or primary, 
can be of lower impedance, provided that the 
er meter losses are calculated and corrections made. 
srience has indicated that potential coils with an 
dance of 150 ohms per volt are satisfactory for the 
att and higher-wattage lamps. Instruments with 
ntial coils of higher impedance would be desirable; 
sver, such instruments are less reliable. The smaller- 
age lamps should be measured by the “light 
ration’? method or with a meter amplifier. The 
lifier, when used with the potential coils of the 
meter and voltmeter, must not distort the wave 
or cause any phase shift. 
ily one instrument should be in the circuit at a 
in addition to the instrument which is used to 
tain the lamp voltage or current. A properly main- 
.d switch (with a very low voltage drop) should be 
led in the meter circuit for the purpose of cutting 
nstruments in and out of the circuit. 


Restoration 

e potential element of the wattmeter should be 
nnected that the wattmeter measures the loss of 
lement. The power diverted by the instruments in 
ircuit is difficult to determine. Perhaps the best 
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method in determining this diversion is the light- 
restoration method, as follows: 


After a lamp has become stabilized on normal line 
volts, and with only the primary voltmeter in the cir- 
cuit, record the light output of the lamp, and (1) place 
the wattmeter in the circuit and read; then restore the 
original light output to the lamp by increasing the 
voltage and (2) remeasure the lamp watts. The loss 
E*/R of the potential coil should be subtracted from 
the second measurement, and if this corrected result 
agrees with the uncorrected first result, the wattmeter 
can be used without any corrections for losses. The 
losses in the other instruments can be determined in 
the same way. 


Amplifier 

The amplifier described in this article was manufac- 
tured by The Keithley Instruments and is known as 
Model 104 Meter Matcher. This is a stabilized ampli- 
fier with a very low internal output impedance. Its 
main purpose is to permit the use of accurate, low- 
impedance voltmeters and wattmeters on relatively 
high-impedance circuits. The meter matcher will de- 
velop 150 volts across a 2000-ohm load at frequencies 
from 20 to 600 cps. 

The meter matcher will operate with voltmeter or 
wattmeter potential coils having impedances as low as 
2000 ohms. The output voltage to the meter will be 
a linear function of the input voltage within 0.15 
percent. The current drain from the signal source will 
never be more than 150 microamp. 

Alternating-current voltmeters and wattmeters accu- 
rate to 0.1 percent usually have low impedances, some 
requiring as much as 10 watts input for full-scale 
deflection. The use of such meters on high-impedance 
circuits is not desirable, because of the errors introduced 
by the meter current. Therefore, in order to use these 
accurate meters in fluorescent-lamp circuits, a meter 
matcher or amplifier of some sort is necessary. 

The combination of the meter matcher and accurate 
low-impedance meters is the most accurate method of 
determining the electrical characteristics of fluorescent 
lamps, especially the lower-wattage types. 


Power Supply 

The supply should be substantially a true sine-wave 
source. The presence of excessive harmonics may have 
serious effects on photometric results. 

The supply should also be as steady and free from 
sudden changes as possible. The exact value of the line 
voltage is not critical, since it is necessary to incor- 
porate a variable-voltage autotransformer in the circuit 
for voltage adjustments. 

Experience indicates that the ‘static-type voltage 
stabilizers, although perfectly satisfactory from the 
standpoint of voltage control, usually distort the wave 
shape so much that it is impossible to obtain accurate 
electrical readings in a fluorescent-lamp circuit unless 
adequate corrections of wave shape can be obtained 
through a suitable filter. 


Reference Ballast 

A reference ballast is an inductive-type ballast that 
is designed, manufactured, and maintained for the 
purpose of providing a comparison standard for use’ in 
testing commercial ballasts or for testing fluorescent 
lamps. 

A relatively accurate device, the reference ballast is 
characterized by constant impedance over a wide range 
of operating current and is relatively uninfluenced by 
time, temperature, magnetic surroundings, etc. Al- 
though this ballast is designed to be fairly rugged, it 
must be handled with caution in order to avoid undue 
physical abuse, such as dropping onto a hard surface, 
shipping in insufficient packing, or overloading elec- 
trically. 

The reference ballast has been established as the 
point of reference from which lamp measurements are 
made and from which commercial ballasts are specified. 
In lamp measurements, after the voltage and frequency 
of the power supply are specified, the lamp is operated 
in series with a reference ballast. These general param- 
eters then determine the operation of the lamps. In 
ballast specifications, the commercial ballast is designed 
to deliver to a reference lamp the same characteristics 
within limits as is delivered by the reference ballast. 
Thus photometry and electrical measurement of a 
lamp on a reference ballast are tied in with the opera- 
tion on a commercial ballast. 

An example of the establishment of a reference bal- 
last for a newly designed lamp may serve to illustrate 
the point. Assume that a lamp has been designed whose 
current for best operating characteristics has been 
determined, and that the circuit voltage across the 
lamp and ballast has been established. A lamp which 
meets these specifications is then operated in series 
with an adjustable reactor across the specified voltage, 
and the reactor adjusted until the specified operating 
conditions for the lamp are obtained. A linear reactor 
of this impedance will then be a reference ballast for 
that particular lamp. 

The American Standards Association has set up 
specifications C82.3 covering the circuit voltage and 
the reference-ballast impedance for all the fluorescent 
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lamps in ordinary use. By following these spe 
tions, any individual can adjust his own refe 
ballast. If it is preferred, the reference ballast car 
sent to the Electrical Testing Laboratory, Inc., 1 
York 21, New York, for adjustments. E 
4 

Seasoning ; 
Gaseous-discharge lamps pass through a rapid dec 
in luminous flux during the early part of life, usa 
caused by some of the mercury getting into the p 
phor or the glass or both. This decline can resul 
changes of as much as six to eight percent, and usu 
levels off after 100 hours of operation. .. 

a 


Lamps are also more unstable before burning, 
that reason it is a general practice to burn all gasec 
discharge lamps for 100 hours before rating. Tae 
hour results are actually considered the initial rat 


Lamp Starting 

Preheat-start lamps should be started manue 
This can be done by inserting a switch betweer 
two pins located on each end of the lamps. A st 
capacitor should be connected across the swite¢ 


glow in the lamp after 2-3 seconds of preheating. 
lamps are started before proper preheating, o 


of the lamp. 
Warm-up or Stabilization 
Even lamps that have been seasoned require a $k 
warm-up, or stabilization, period. Measurements 
be made when the luminous flux and electrical chat 
teristics become stable. This usually requires fron 
minutes, for the smaller lamps, to twenty minutes 
the larger lamps. An exception is the sodium lamp, W 
requires at least forty-five minutes for stabilizatio 
If discharge lamps are stabilized in the sphere, ¢ 
should be exercised to avoid a rise in temperé 
within the sphere, due to heat generated by the k 
This can be assured by leaving the sphere ope 
the measurements are ready to be taken. If the lk 
are stabilized outside of the sphere and transferred 
the sphere, care should be taken not to rotate the lat 
but to place it in exactly the same position as dt 
the stabilization period. This applies only to fluores 
lamps; sodium lamps should not be disturbed | 
stabilization has begun, and not for one hour afte 
power has been turned off. Disturbance of the 1 
while warm may cause improper distribution of 
condensing sodium. 


Lamp Connections 

The lamp position in the measuring circuit s 
be fixed, and proper marking of the pins should be 
for power connections. Either the cross-over of 
parallel scheme of pin connections can be used (c 


scheme preferred), but the adopted scheme should 
lowed consistently in the measurement, seasoning, 


ny life testing of the lamps. A recommended cir- 
s shown in Fic. 15. 


ient Temperature 

e luminous flux and electrical characteristics of 
arge lamps are affected by ambient temperature 
lrafts. This can be as great as approximately 10 
nt for an ambient temperature change from 75 F 
FP. Eighty degrees Fahrenheit has been considered 
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e standard temperature in the measurement of 
lamps. 

> ambient temperature should be controlled with- 
| F, and drafts should be avoided. 


Spiralling 

Iroper operation by a lamp is one of the chief 
3 of discrepancies in determination of the correct 
ous flux and electrical characteristics when all 
factors are correct. 


sHTS AND SIDE LIGHTS 


Spiralling, hot spots, swirls, etc., can usually be de- 
tected visually, but there are also ee or incipient, 
spirals that cannot be detected by eye. These can be 
discovered by running a small permanent magnet along 
such a lamp, causing it to brighten enough at any spot 
where the incipient spiralling exists, so that it is visible to _ 
the eye. Turning the lamp off for approximately fifteen 
seconds and restarting will usually eliminate the trouble 

Lamps operating incorrectly tend to have a higher 
operating voltage and wattage, and also in many cases 
show a small fluctuation on the instruments. __ 
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Summary 

The objective of this article has been to describe the 
instrumentation and test methods for measurement of 
luminous flux developed to date and presently in use in 
our Lamp Testing Laboratories. Other methods have 
been tried and perhaps still others are in use elsewhere. 
Experience in the Laboratory has not yet revealed a 
simpler or less expensive means of accurately determin- 
ing luminous flux of light sources. 


(Concluded) 


Induction Heater—Ups Production, Cuts Costs 


of the induction heater is reported 
- manufacturer to have cut by 70 
t the cost of hardening coupling 
Jsed for hardening the bolts after 
ing, the induction heat process also 
hem correct hardness and distor- 
e properties. This has eliminated 
erations, and in turn reduced cost. 
nother installation, a company cut 
st of reclaiming valuable metal 
rom rejected weather stripping by 
2an 90 percent with a 5-kw induc- 
ater. 

d been found that, because of the 
ry of getting rubber to adhere to 
20 to 30 percent rejects could be 
d, Reclaiming the valuable metal 
from these unsatisfactory pieces 
ety done by soaking the strips 


for several hours in a highly inflammable 
chemical solvent, after which the swollen 
rubber could be peeled off by hand. 

In the new set-up, the rejected strips 
are carried on a continuous conveyor belt 
through an inductor coil connected to 
an induction heater, and are stripped im- 
mediately by a gloved workman. The 
heater runs six to seven hours a day, 
processing nearly six thousand strips in 
that time. The cost for power is approxi- 
mately 80 cents per eight-hour day. The 
induction heater, the company reports, 
paid for itself in the first month it was 
used. 

Use of this induction heater has 
cut coupling-bolt hardening costs 


70 percent, and gives distortion- 
free hardening of each piece 
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TANTALYTIC CAPACITORS 


The Tantalytic* capacitor has proved notably useful on the 
basis of cost, size, and performance, and is expected to 


fill the need for a high-grade electrolytic capacitor 


By L. W. FOSTER 


Capacitor Division 
Transformer and Allied Product Department 
General Electric Company 
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INCE World War I the trend in electronic equip- 
ment has been to smaller and lighter equipments. 
Among the reasons for this trend are the need for in- 
creased convenience, efficiency, and mobility. In 1918, 
with the components then available, it would have 
been impossible to build a radio receiver and transmitter 
the size of a package of cigarettes. Today, with all the 
kinds of miniature components being produced, it can 
be done quite easily. 

However, welcome though this trend in equipment 
may have been to the ultimate user, it has presented 
the capacitor manufacturer with three extremely diffi- 
cult problems: 


(1). How to reduce capacitor size without sacri- 
ficing reliability 

(2). How to overcome the high temperature 
created as the capacitor size is reduced and its 
ability to dissipate heat is lessened 

(3). What to do when the practical limits in size 
reduction of common paper-impregnated and elec- 
trolytic capacitors have been reached 


When these problems were recognized, a program of 
research for their solution was started; and it became 
apparent that there was a definite future for tantalum 
metal in improving electrolytic capacitors. The basic 
studies having been completed, progress has been 
rapid; and Tantalytic capacitors are now on a limited 
production basis. 


Tantalytic Capacitors 

Tantalytic is the General Electric trade name for a 
foil-type electrolytic capacitor the electrodes of which 
are made of the metal tantalum. 

It was developed for low-voltage d-c applications 
where the performance of aluminum electrolytic and 
paper capacitors has not been entirely satisfactory. 
It is a small-size lightweight and sturdy capacitor with 
long shelf and operating life. The Tantalytic capacitor 
has already gained widespread acceptance in the com- 
munication fields, both military and civilian. 

" ¥Reg. trade-mark of G.E. Co. 
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Theory of the Electrolytic Capacitor 

Basically an electrolytic capacitor consists of 
conducting plates, separated by insulating matet 
immersed in an electrolyte and enclosed in a suite 
container. To explain the theory of such an apparer 
simple unit, however, it is best to start with an é 
more simple unit—the common type fixed paper 
pregnated capacitor—and work up. 

The fixed paper impregnated capacitor e 
two conducting plates (called electrodes) to which 
attached suitable terminals for making electrical ¢ 
nections. These electrodes are separated by an ir 
lating material known as the dielectric. Fic. 1 sh 
schematically the construction of such a unit. t 


ELECTRODE A ELECTRODE B i: 


+ 


TERMINAL A 


Fig. 1. Cross-sectional representation of terminals, electrodes, 
tric, and spacer materials of conventional capacitor 
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INSULATING 
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Fig. 2. Terminals, electrodes, dielectric and spacer material 
polarized type of electrolytic capacitor 
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Fig. 3. Terminals, electrodes, dielectric and spacer materials for 
polarized type of electrolytic capacitor 
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e electrical performance and characteristics of 
paper-impregnated capacitors are determined, in 
nain, by three things: 


(1). The thickness t of the dielectric material 

(2). The area of the electrodes 

(3). The specific inductive capacity of the dielectric 
terial, commonly referred to as dielectric constant. 


wwever, the size of the completed unit is also a 
r consideration; therefore capacitor engineers 
> to make the dielectric thickness as small as 
ble and to select a dielectric material with as high 
lectric constant as possible. In paper capacitors, 
al dielectric thickness of approximately 0.0004 in. 
yractical minimum, and materials having a dielec- 
constant of 3 to 6 have been found to be most 
ble. To achieve the effect of a thinner dielectric, 
lectrolytic principle must be used. 
G. 2 shows the component parts of an electrolytic 
capacitor—that is, the terminals A and B, two 
rodes, and spacer material. It will be noted that 
€ paper capacitor (Fic. 1) the dielectric material 
she spacer material constitute the distance ¢. How- 
in the electrolytic capacitor (Fic. 2) the spacer 
rial is not a part of the active dielectric. The 
etric material in this case is a thin insulating oxide 
having the dimension ¢. In the electrolytic capac- 
it is the distance ¢ which determines the magni- 
of the electrical capacitance obtainable. The spacer 
rial, dimension 7, acts as a conducting spacer be- 
n the oxide film dielectric and the opposite elec- 
. In the Tantalytic capacitor the dimension ¢ is 
igstroms per volt (10~7 cm per volt). . 

the paper capacitor, terminal A or B may be 
ive or negative electrically; therefore, it may be 
1 a nonpolar capacitor. In the electrolytic capac- 
(Fic. 2) the electrode A, which is coated with an 
» insulating film, is designated as having a plus 
rical polarity; therefore, such a capacitor is a 
-type—one with a definite electrical polarity. 
_ obtain a nonpolar electrolytic capacitor that is 
ble for reversal of polarity, it is necessary to form 
electrodes (A and B) with an insulating oxide 
(Fic. 3). When terminal A is positive (+) and 
inal B is negative (—) the insulating film on elec- 
_ A acts as a capacitor while the spacer material 
as a conductor. Similarly, when electrode A is 
‘ive and electrode B is positive, the dielectric film 
sctrode B acts as a capacitor while the spacer acts 
1 effective short circuit. Therefore, with such a 
sction it is possible to make electrolytic capacitors 
1 behave in a nonpolar fashion. Note that in the 
type electrolytic capacitor the active dielectric 
ess is equal to t, while in the nonpolar capacitor 
3) the active dielectric thickness works out to 
al to 2t. Since amount of capacitance is inversely 
rtional to the dielectric thickness t, for the same 
ness of insulating oxide film the nonpolar electro- 
apacitor will have one-half the capacitance of the 
type for equal size. 
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ELECTRICAL ASPECTS 
To clearly visualize the electrical operational char- 
acteristics it is convenient to devise an equivalent 
circuit, composed of lumped electrical constants. The 


polar-type Tantalytic capacitor is thus represented in 
Fic. 4: 


R, = resistance of terminals and electrodes 

R, = (represents) a-c power loss in dielectric oxide 
insulating film 

R; = effective resistance of spacer material and elec- 


trolyte 

Ry = (represents) equivalent leakage currents 

C = electrostatic capacitance of insulating oxide 
film 

L = magnetic inductance of terminals, electrodes, 


and capacitor geometry. 


In practice Ry can be quite accurately calculated 
by using Ohms’ Law and the resistivity values and 
physical dimensions of the metals involved in the ter- 
minals and electrodes. 


EFFECTIVE CAP 
- (C) 


4 

at R| Ro R3 (Ee ps 

A B 
C 
Fig. 4. Equivalent circuit for polar-type electrolytic capacitor 

The value for R, can be estimated from the power- 
factor values of the insulating oxide material. In tan- 
talum oxide (Ta,O;) the power factor is generally less 
than 0.1 percent over a very wide ‘frequency range. 
Therefore, in applications of electrolytic capacitors this 
dielectric loss is generally neglected. 

The value of R3 1s determined by the chemical and 
physical properties of the spacer and electrolyte ma- 
terials. The value of R3 in general determines the 
resistance characteristics of the Tantalytic capacitor. 

The value of R, is determined by the chemical and 
physical condition of the insulating oxide film dielectric. 
In practice this value is made as high as possible by 
proper chemical processing and careful manufacture. 


The value of Ry will vary greatly with: 


(a). Time of electrification 

(b). Thermal history of capacitor 

(c). Temperature 

(d). Ratio of formation to rated voltage 
(e). Manufacturing processes. 


As already explained, the nonpolar Tantalytic ca- 
pacitor will have one-half the capacitance of a polar- 
type Tantalytic capacitor; therefore, a nonpolar ca- 
pacitor will require twice the electrode area to have an 
equivalent electrostatic capacity rating. Hence, the 
values for L, Ri, Re, R3, and Ry will be different for 
polar and nonpolar capacitors. 

The equivalent circuit for the nonpolar capacitor, 
using the same symbols as used for the polar type 
(Fic. 4) is shown in Fic. 5. 
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For practical reasons it is necessary to combine the 
various resistance components into a single series value 
R which is designated as the “‘series resistance’”’ of the 
capacitor. On this basis, the equivalent circuit for both 
polar and nonpolar type capacitors is as shown in 
Fic. 6. 

In general, Tantalytic capacitors are used for ca- 
pacitance values ranging between 0.1 and 100 pf. In such 
applications the effect of the inductance L may be 
neglected and the equivalent circuit reduced to that 
shown in Fic. 7. The value of R may be obtained from 
measured power-factor values (PF), 


PF) 10° 
7p PR IO 
2nfC 


where C is in microfarads and f is in cycles per second. 


ohms 


The value of C is determined by: 


(a). Formation voltage 


(b). 


(c). Polar or nonpolar types 


Area of electrodes 


From experimental results it has been determined 
that, for a polar-type capacitor having a formation 
voltage of 200 volts, an area of 3.05 sq in. of anode is 
required to give one microfarad of capacitance. From 
these data the effective dielectric constant (K) may be 
calculated as follows: 


_ 0.224 (the anode area in sq in.) KX 10e i 
5 t in inches 


C (in pf) 


t=200X 107 cm = 79 X 10-7 inches 


ry 79X107 
~ 0.224 3.05 10-* 


whence =11.5 
Tests by optical means indicate a K of approximately 
11.3 for Ta,Os. 

For many applications it is more convenient to use 
the over-all impedance of a capacitor. The impedance is 
a function of the capacitance C, inductance L, and series 
resistance RK and is generally denoted by the symbol Z. 


e—R-j(Xc—Xz) 
k= (Xc) (Power Factor) 
j=V-1 
1 . 
Xc=~——.: C is in farads, and f in cycles per second. 
2rfC’ 
X,=2xrfL; Lis in henrys, and f in cycles per second. 


For most applications, L may be neglected, hence, we 
may find the magnitude of Z as follows: 


L= VR+X2 ohms. 


4 CHEMICAL ASPECTS 
The phenomenon generally called “electrolytic valve 
action” occurs in an electrolytic cell when in one direc- 
tion it offers a high d-c resistance when the anode is 
positive and a very low d-c resistance when the anode 
is negative. In other words, the device is an electrical 
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Fig. 5. Equivalent circuit for nonpolar-type electrolytic capaci 
. 


F 


Fig. 6. Equivalent circuit of capacitor, with lumped constants 


oa 


Fig. 7. Equivalent circuit of capacitor, inductance neglected 


rectifier. The most perfect valve action of an elee 
lytic cell occurs when the d-c resistance of one pola 
is zero and the opposite polarity infinity. 

This phenomenon was first observed with oxidi 
aluminum and led to the development of the cony 
tional aluminum electrolytic capacitor. Later on it 
found that a more perfect electrolytic valve 
takes place with tantalum. Imperfect valve action 
place when the amount of dissolved valve metal not 
ably affects the intended performance; and the 
perfect valve action of aluminum is largely due to 


intended performance. 


The electrolytic cell is formed when a suitable v¥. 
metal anode (+) is immersed in an electrolyte to 
with a suitable cathode (—) electrode. The apf 
tion of a polarizing potential with anode positive 
cathode negative causes an oxide film to be built 
on the anode. The nature of the electrolytic oxide { 
built up by this process depends on the kind of ¥ 
metal used and the chemical and thermal condit: 
within the electrolytic cell. In tantalum valve me 
the insulating oxide film produced electrically is Ta 
At the start of the formation process with a fi 
potential value, the current is very high; and @ 
insulating oxide film is built up the current gradi 
diminishes to a low value for valve metal electrol 
cells. The electrical, chemical, metallurgical, and ther 
conditions required to produce good capacitors: 
extremely critical. 

There are many theories as to how valve action té 
place within an electrolytic cell. One way to 
this action is based largely on the electric potentia 
field theory. 

The action of the electrolyte cell may be pro 
down into the regions shown in Fic. 8 as A, B, © 
£, and F. When A is positive and F is negative 
electrical stress on the insulating oxide film is app 
mately 19,000 volts per mil for the Ta,O;. Thus 
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tric potential between the base valve metal A and 
oxide film 6 must be very much greater than 
00 volts per mil. Also the stress on boundary D 
veen the oxide film C and the electrolyte E must 
very much greater than 19,000 volts per mil. At 
| potential stresses electrons will flow due to “work 
ntial’’ functions of the valve metal. When the 
le is positive, electrons must flow from electrolyte 
ralve metal A but since the electrolyte is largely 
> in nature, few electrons are available, little elec- 
current flows and the result is a blocking action of 
electric current. When the anode A is negatively 
rized there are plenty of electrons available in the 
re metal to flow and plenty of positive ions in the 
trolyte to carry‘the electrons to the cathode F. 
s when the anode is negatively polarized large cur- 
s flow and effectively short-circuit the electrolytic 
From this theory it can be predicted that the 
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. 8. Block diagram of vital regions within an electrolytic capacitor 


adaries between valve metal and oxide film B and 
yeen oxide film and electrolyte D perform, very 
lamental functions in electrolytic-cell action. There 
uch evidence to indicate that the proper chemical 
physical conditions of these boundaries determines 
life span of eleetrolytic capacitors. 

ne other important chemical phenomenon in Tanta- 
capacitors is the sparking-voltage level. Slug-type 
citors constructed with very strong acid electro- 
; are limited to voltages under 100 volts d-c because 
vigher voltages small electric arcs occur. This 
illation destroys the capacitor in a very short time. 
‘king conditions are again the result of chemical 
itions. at the boundary regions B and D. Electro- 


TABLE I 


R-VOLTAGE SPECTRUM (FOR DIRECT REFLECTION) DISTINGUISH- 
ORMATION VOLTAGES IN PREPARATION OF TANTALUM FOILS AT 


srmation Voltage at 25 C Typical Color 


Ge eee 3 Braco ee ere Grey 

Gy, te eat ce A aa i A Golden brown 

LO) at oe opt ie Sn ee Bluish silver 

“Rin: Oe Sag RGAE A eee Yellow gold 
NOObME Se: Powe biweea we! le. Magenta (reddish-blue) 
TAG) Ree ae er ee Nile green 
WOO RE. See) ie: Pe eae coe Yellow 
BIOS cote bees spp Nae ene, a Green ‘ 
50 Maes ae tends sets ie cal Light magenta (deep pink) 
31010). a Read chao eos Son abe eae Light greenish cast 
BUSI). aT Re ree on pene Wi ee ae Nile green ; 
ANOS espe oe Nee Light pink (purplish) 


Ay (RT oa te hoee eo 1h Very light pin 
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lytes have been developed which are neutral chemically 
and which have greatly increased sparking-voltage 
levels. The high level of sparking voltages obtainable 
results in a wide range of voltage ratings of Tantalytic 
capacitors using a single highly standardized and con- 
trolled electrolyte. Also a chemically neutral electro- 
lyte greatly aids mass production of Tantalytic capac- 
itors because of the ease of processing and the use of 
simple casing and sealing techniques. 

In the formation of tantalum foils there is a wide 
variation in color. A typical color-voltage spectrum is 
given in Table I for direct reflection of light. 


MATERIALS USED 

The valve metal used in Tantalytic capacitors is the. 
element tantalum, a soft, ductile, gray-white, acid- 
resisting metallic element of the vanadium family found 
(combined) in tantalite, columbite, and other rare 
minerals. The chemical symbol for this metal is Ta, 
atomic number 73, and atomic weight 180.88; physical 
weight, 0.6 lb per cu in. It melts at approximately 
2990 C and boils at a temperature of over 4100 C. 

Baron J. J. Berzelius (1775-1884), a Swedish noble- 
man and chemist, produced tantalum metal in 1820 
by the heating of potassium tantalum fluoride with 
potassium. The great difficulty encountered in separat- 
ing this new element led to the adoption of the name 
tantalum, from the Greek Tantalus, and akin to the 
word tantalize. W. Von Bolton, in 1905, by high-vac- 
uum process, produced relatively pure tantalum metal. 
The Fansteel Metallurgical Corporation, after many 
years of research, have worked out a process for pro- 
ducing high-purity tantalum by an electrolysis of 
potassium tantalum fluoride. Since tantalum and 
columbium generally occur in the same ores, one of the 
greatest problems is to separate these two elements. 
The Fansteel Metallurgical Corporation method makes 
it possible to separate columbium from tantalum on a 
production basis. Primary supplies of high-grade tanta- 
lum ore are found in large quantities in Australia, 
Brazil, and South Africa. There are secondary ore 
supplies available in the United States and Canada. 


Production of Tantalum 

The separation of pure tantalum metal results in a 
finely divided powder product. This powder is pressed 
into briquettes or ingots, placed in a high-vacuum 
furnace and heated to a temperature approaching the 
melting point of the metal. This heating of the pressed 
tantalum powder under high vacttum causes it to 
sinter and joins each particle together, forming a 
porous mass. These sintered slug bars or ingots are then 
rolled into sheet material having a thickness of 0.005 
to 0.01 in. This sheet tantalum is then rolled down by 
suitable equipment to the desired thickness of foil for 
fabrication into capacitors. 

The chemical process for producing tantalum is ex- 
tremely difficult and costly, resulting in the finished 
metal costing approximately ten times as much as the 
tantalum metal in its natural ore. The cost of tantalum 
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Fig. 9. Steps in the manufacture of a Tantalytic capacitor 
A: Two foils separated by insulating spacer material. These parts 
are fanned out to show their relation 
B: Two tantalum leads flattened on one end ready for welding to 
foils 
C: Two rubber seals and a silver-plated copper case 
D; Foils and spacer and terminal leads assembled into wound Tan- 
talytic capacitor ready for assembly in case and impregnation 
E: Completely assembled Tantalytic capacitor with welded-on 
solderable leads 
ERT a | | 
7/8 X 1/8 7/8 x 3/16 
| Muf-150.V NP .25 Mut-ISOV NP 
1X 9/32 
5 Muf - SOV NP 
 Mof - 150 NP 
| Mut -50V P 
2Muf -150V P 
4 Mul — GOV P 
iOMut ~ 1SV P 
1 1/2 x 3/8 
2 Muf —15OV.NP 
4 Mut ~150V P 
2 /4 x 3/8 
4 Muf — 150V NP 
6 Muf — SOV NP 
8 Muf -1SOV P 
3X 3/8 
i2 Muf -150V P 
Z 36 Mut - 50V P 
50Muf — SOV P 
DIMENSIONS ARE MAXIMUM 
Fig. 10. Ranges in sizes and ratings of Tantalytic capacitor units 


foil increases very rapidly for thicknesses under 0.001 
in. and it appears that 0.0005 in. is a practical minimum 
limit. 

The rolling of thin tantalum foil is a new art and 
much experimentation will be required to develop 
techniques for handling this metal on a large scale. In 
making aluminum foil for capacitor usage, it was a 
matter of two decades before processes were found that 
produced low-cost foil—that is, foil costing under $1.00 
per pound. With volume production and further re- 
search, the cost of tantalum foil should be reduced 
greatly; this, in turn, will reduce the cost of tantalytic 
capacitors. ; 

Capacitors may be made directly by using the sin- 
tered porous slug with terminal wires attached and 
many such type capacitors have been constructed 
during the past 20 years. The sintered porous slug may 
be readily formed into shapes suitable for capacitor 
fabrication, and in low-voltage, small-capacitance sizes 
of the polar type, sintered porous slug construction pro- 
duces a smaller capacitor than does foil construction. 
For the nonpolar type tantalytic capacitors, where the 
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sintered porous cathode and anode areas must be a 
there is less volume advantage over the foil construc’ 
capacitors. It has been found that, in many electro 
and communication applications under abnormal op 
ating conditions, a slight reversal of potentials is | 
countered; and in these cases it is necessary to partia 
“form’’ the cathode in order to insure reliable operati 
Such cathode formation reduces the volume efficier 
of sintered-type tantalum capacitors. The mean f 
path between sintered slug anode and cathode is lar 
and therefore to get the minimum series resistance 
a highly conducting electrolyte is required which I 
the disadvantage, previously mentioned, of bet 
limited to low-voltage applications. ; 
The foil-type construction makes it possible — 
utilize mass-production techniques already available 
the capacitor manufacturing art. Also, the wound ty 
tantalytic capacitor with thin foils offers greater fle 
bility in design and ease of manufacture. f 
The economics of the Tantalytic capacitor is large 
a matter of cost of tantalum foil. At the present tit 
tantalum foil costs approximately a hundred dollars q I 
pound and a typical polar 1-uf 150-volt d-c capacit 
requires about one thousandth of a pound. Therefo 
the tantalum capacitor will cost considerably more th 
an equivalently rated aluminum electrolytic 
However, electrical stability, excellent low ee 
characteristics, long shelf life, and smaller size in ma 
cases more than offset the extra expense. } 
Other materials used are tantalum wire for termir 
leads, porous spacer material, and silver or silver-plat 
copper cases; also, proper electrolytes for forming a: 
impregnating the capacitor units. 


CONSTRUCTION 

Fic. 9 shows the several disassembled and assembl 
stages of parts for a l-yf 150-volt d-c polar-t 
Tantalytic capacitor. 
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TABLE II 


TYPICAL RATINGS AND DIMENSIONS OF TANTALYTIC CAPACITOR 


Unit Type* Capacitance Volts d-c Length “aa 
(microfarads) (inches) (inches. 
29F401 NP 1 150 is 
29F405 NP 4 150 244 
29F408 NP 0.25 150 1K 
29F 416 NP 0.5 150 ie 
' 

29F418 NP O.1 150 1% 
29F428 NP 6 50 2% 
29F 430 NP 2 ~ 150 1% 
29F402 |e 1 150 1 
29F 403 12 4 60 il 
29F404 Pi 12 150 3 
29F406 PR 8 150 214 
29F413 if 2 150 1 
29F414 P 50 25 3 
29F424 P 36 50 3 
29F 427 iP 10 15 1 
29F429 12) 4 150 1 


* P indicates Polarized, NP indicates Nonpolarized. 
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efore tantalum foils are wound into the completed 
wcitor, lead wires or terminals must be attached and 
anode (positive) electrode ‘‘formed” to the desired 
ee. The terminals are tantalum wires securely 
led to the foil and extending through the insulating 
tic stoppers which form the capacitor seals. The 
Je foil and leads are placed in an electrolyte bath 
positive voltage is applied. This causes a layer of 
alum oxide to be formed on the surface of the anode. 
sis the process of “‘formation’’ and the thickness of 
oxide film is proportional to the ‘forming voltage”’ 
lied. 

he tantalum oxide dielectric is operated at an elec- 
al stress of over 19,000 volts per mil, which is prac- 
l, because of the self-healing properties of the 
alum film when dielectric breakdown occurs. As 
1 as a breakdown occurs in the oxide film of the 


PAPER 100% 


CERAMIC 96% 


: METALIZED PAPER 65% 


ALUMINUM 
ELECTROLITE €3i% 
TANTALYTIC ae 
CAPACITOR % 


Fig. 11. Comparison of capacitor sizes of 100- 
volt d-c units. This volumetric relationship 
is markedly different in higher voltages 


‘med’’ anode material, virgin tantalum metal is un- 
red and the process of ‘‘formation’’ immediately 
ts and repairs the breakdown. There is such a 
ll amount of heat generated during breakdown that 
igible damage occurs within the capacitor structure. 
; high usable stress results in a capacitor having 
roximately 25 wf per cu in. at 150 volts d-c rating. 


es of Construction Arrangements 

© illustrate the range of sizes in which the Tanta- 
s capacitor is currently being manufactured, a 
cal assortment is shown in Fic. 10 and listed in 
Je II. Many other variations in size and ratings can 
leveloped. 

evelopmental work has progressed so favorably 
the original pilot-plant facilities have long since 
1 outgrown, although it is still operating to produce 
ple capacitors for trial applications. The pilot plant 
oselv co-ordinated with further development work 
g done on tantalum metal and methods for pro- 


ng lower-cost capacitors. 
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TYPICAL CHARACTERISTICS AND TEST DATA 

Fic. 11 shows a graphical comparison of various 
types of capacitors and tantalum capacitors of 100-volt 
d-c rating in terms of percentage of volume. Fic. 12 
gives a general size comparison for various types of 
capacitors as a function of microfarads per cubic inch, 
and voltage rating. Using Kraft paper capacitors as 
100 percent volume, other types are: 


Percent Volume 


Type 100-volt d-c 5V0-volt d-c 1000-volt d-c 
Paper 100 100 100 
Ceramic 96 250 400 
Metalized Paper 65 535 1330 
Aluminum Electrolytic 23 30 67 
Tantalytic Capacitor 15 25 50 


The complete testing of a new product requires years. 
Hence, complete technical data on performance of 
Tantalytic capacitors are not now available. However, 
many accelerated tests have been made and they indi- 
cate long shelf life, low leakage current (high insulation 
resistance), and good capacitor stability with tempera- 
ture. Data relating to these characteristics are included 
in the groups of curves. Electronics engineers will find: 
these curves useful in establishing proper application 
in electronic and communication equipment. To date, 
Tantalytic capacitors are being applied in telephone 
communication equipment, Signal Corps communica- 
tion equipment, and Ordnance devices. In commercial 
telephone equipment, the small size and long life of the 
Tantalytic capacitor are the desirable features, whereas 
in military and ordnance equipment, small size, resist- 
ance to shock, low temperature characteristics, and 
long shelf life are the most important qualities. 


Capacitance vs. Temperature Z 


Fic. 13 gives average values for capacitance versus 
temperature of Tantalytic capacitors. Curves are plotted 
for 100 percent capacitance at +25 Cand for 60, 120, 1000, 
10,000 and 20,000 cycles per second. The amount that 
the capacitance drops with decreasing temperature is 
a function of the chemical nature of the electrolyte. 


CAPACITANCE IN MICROFARADS PER CUBIC INCH 
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TANTALUM ELECTROLYTICS—DK || 


ALUMINUM ELECTROLYTICS—DK7 


METALIZED PAPER-DK 3.5 


0.00001 
TO S) CERAMIC —DK 100-5000 


0.01 


KRAFT PAPER—DK 3.5-5.5 
(PYRANOL-OIL OR WAX- IMPREGNATED 


0.00001 
TO” |S) GLASS-DK 4-12 
0.1 


NATURAL MICA—DK6 
0.1 


Fig. 12. Capacitance range in d-c ratings and in terms of microfarads 


per cubic inch 
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110 Rae l at 200 volts d-c. Measurements at 50, 100, and — 


= volts are plotted in Fic. 16 as a function of ti 
108 aAT | Fic. 17 presents the same data except plotted 


oa 150 volts d-c. 

A typical one-microfarad 150-volt capacitor has 
effective anode foil area of 1.5 X 2 = 3.0 sq in. At. 
| volts, at the end of ten minutes the leakage current 
LEGEND 25 C is 1.1 X 10-* amp or 1.1 microamperes. Het 
A 60 CPS the leakage current is 1.1 & 10~® amperes per mic 


sled} 4120 CPS exe ; 
50 : ‘ ‘ ae Bean ol For other capacity sizes formed at 200 volts, ~ 
leakage current may be calculated by multiplying 11 


+ 20 KC : t 
me ! ae See eee ice ee 10-* by the capacity in microfarads. ; 
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s LGA zt megohms X microfarads versus time for 50, 100, ¢ 
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Fig. 13. Percent of 25 C capacitance vs. temperature for several fre- 
quencies for one-microfarad Tantalytic units 


PERCENT 60-CYCLE CAPACITAN 


FREQUENCY (KILOCYCLES) 


Capacitance vs. Frequency | 
Fig. 14. Percent of 60-cycle capacitance vs. frequency at : 


Fic. 14 shows the change of 60-cycle capacitance 
over the een range of 0 to 10,000 cycles per 
second at 25 C. It is in this range of frequencies that 
Tantalytic capacitors will find widespread application. 


Power Factor vs. Frequency 

Fic. 15 shows the average power factor of Tantalytic 
capacitors over the audio-frequency range. (For higher 
frequencies, F1G. 22 provides data from which the 
power factor may be computed.) 


PERCENT POWER FACTOR 


FREQUENCY (KILOCYCLES) 


Leakage Current vs. Time . Fig. 15. Power factor vs. frequency at 25 C 
a ner oh . 
Fic. 16 is plotted for a one microfarad ee volt d 2 Fists! | Megohaie <dnbereteckd ee 
polar-type Tantalytic capacitor which was ‘‘formed ture at end of 10 minutes electrification time 
a one-microfarad 150 volt d-c polar Tan 
Fig. 16. Leakage current vs. time Fig. 17. Resistance times capacitance vs. time capacitor i 
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lation Resistance vs. Temperature 

he insulation resistance of a Tantalytic capacitor 
1e applied voltage divided by the leakage current 
Mi capacitance. This value in megohms X micro- 
ds, is plotted in Fic. 18 for a range of 30 C to 120C. 
values given in Fic. 17 may be corrected for ele- 
d temperatures by use of the curve in Fic. 19 
sh gives the reduction in insulation resistance versus 
perature. 

iGs. 20 and 21 give typical results for one-micro- 
d nonpolar and polar Tantalytic capacitors and 
plotted for microamperes versus temperature. 


es Resistance 

he curves in Fic. 22 are estimates from available 
data and are presented to give a general picture 
his characteristic. From the series resistance (Ro) 


110 120 
s. 19. Megohms X microfarads in percent of 25 C value at end of 
minutes electrification time for a one-microfarad 150-volt d-c polar 
ntalytic capacitor 
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Leakage cur- 
temperature 


ss 
TABLE III 


PERMISSIBLE TEMPERATURE RISE AND 
WATTS DISSIPATION ON CASE 


Ambient Temperature Case Rise Over Watts per sq in. (Wo) 


eg. ©) Ambient Temperature on case 
(deg. C) 
2 EAN ke ee Rie FLO gar ec onl sham 0.230 
CBD et a il gage ch i tS Sa QT Elena. PRE Ra A 0.185 
A.D Me naa AN tan ef. QB sant ete Rae ae 0.170 
DO Me ean tie i od rai Eo ey eereveia Cm crajatae age 0.135 
GORE mee cee erce nee es i Ole pees Vn os ee cr as 0.108 
(Lae ces eR OC Oe ss amare Soe, a ny ETE 0.084 
SOA es eR roe apical LO), cope cotati Se 0.060 


values in ohms, the series resistance (R) for various 
capacity ratings may be estimated by the relation 


Ro 


ae ae REN ohms 
microfarads 


The amount of alternating current which may be 
safely passed by a Tantalytic capacitor can be calcu- 
lated in the following manner. Case temperature rises 
over ambient temperatures permissible are given in 
Table III. 

From the series resistance Ry and current passing 
through the capacitor, the watts per square inch on a 
given capacitor case may be calculated as follows: 


Example I 


Capacitor 29F405 for 10 kc, rated 4uf 150 volts d-c. 
Nonpolar—Case size, 3 in. diam X2 in.—Ambient 
temperature, 75 C. Permissible case rise from Table III 
is 13 C or 0.084 watts (Wo) per sq in. 
Calculate total permissible watts (W): 
Area o1-case =.0.375 93.14 5020 = 1235 squint 
W = 0.084 X 2.35 = PR 
PR =-0,197 watts 
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for Tantalytic capacitors 
rated 10 uf 150 volt d-c 
nonpolar (tested at 50 


volts for one minute) 


MICROAMPERES 


Fig. 21. Leakage cur- 
rent vs. temperature 0.1 


for Tantalytic capacitors 


rated 10 uf 150 volts d-c 


polarized (tested at 50 
volts for one minute) 
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Fig. 22. Curves showing series resistai 
Ro vs. frequency for various temperatur 
In applying Tantalytic capacitors, this va 
of Ry is divided by the rating in microfar: 
to obtain the series resistance R 
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10,000 
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Pick value of Ry from Fic. 22 for 10,000 cycles, 75 C 
ambient plus 13 C rise or total temperature of 88 C. 


| R 
Thus Ry =3; R=7 = 34 =0.75 ohms 


rp _ 0.197 watts — 9 064 

0.75 ohms 
I =0.51 amp 

The a-c voltage across the capacitor is: 
1 159,500 ; , 
Pe I (C in microfarads; 
f in cycles per second) 
il 

Poe UO) oc = 2.03 volts 

(10,000 x4) 

E 2.03 
rf Were a ae amp 


In general, the heating in Tantalytic capacitors will 
limit the alternating voltage to a safe value. However, 
the peak a-c voltage should be subtracted from the d-c 
rated voltage, as in the case considered here: 


160 volts dec? 03 V2.=147- volts 


Hence, a d-c voltage of 147 volts plus an alternating 
current of 0.5 amp at 10 kc and 75 C ambient may be 
applied. 


Example Il 


Another example for the same capacitor is: 
25 C ambient; 60 cycles frequency 
Ry =100 ohms Wp =0.23 
Xc=663 ohms 
PR=0.23 X2.35 =0.54 


R 
Ra = 25 ohms 


I=0.147 amp 
E=1Xc=0.147 X 663 = 97.5 volts RMS at 60 cycles 
Crest voltage=E V2 = 95.5 V2 = 137 volts 


In this case, the heating limits the 60-cycle current 
which may be safely carried by the capacitor. 
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100,000 1,000,000 : 


: 
SUMMARY i 

For many applications the Tantalytic capacitor h 
proved to be a very valuable tool in the miniaturizati 
of communication equipment. 

Many ratings are now being produced on a quanti 
production basis and other units will be added as t 
demand increases. 

Sufficient experience in production and testing h 
been obtained so that reliable application data a 
available. 4 

Research work is continuing; and under investig 
tion are a number of developments that offer pos: 
bilities of increased capacitance and voltage, wider ter 
perature ranges, all with longer life and lower cost. 

When fully developed, the Tantalytic capacitor h 
the possibility of replacing the paper capacitor in mat 
applications on a cost, size, and performance basis; al 
is also expected to fill the need for a high-grade lea 
lytic capacitor. | 
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yN E of the major problems involved in the opera- 
tion of a power system is the scheduling of genera- 
1 for the most economic system operation. Much 
rt has been expended in the analysis of fuel costs 
i the thermal performance of generating units 
| incremental slide rules have been developed for 
ding generating units at equal incremental fuel 
ts.) However, with the development of integrated 
ver systems and the interconnection of operating 
ypanies for purposes of economy interchange, it is 
essary to consider not only the incremental fuel 
ts but also the incremental transmission losses for 
imum economy. 
‘he analysis of incremental transmission losses has 
n greatly simplified by the development of trans- 
sion-loss formulas which express the transmission- 
tem losses in terms of the plant and interconnection 
dings.®),@) 4) The first part of this article describes 
1ethod of quickly determining generation schedules 
h both incremental fuel costs and incremental 
asmission losses accurately considered ; the remaining 
tion will describe an improved method of obtaining 
transmission-loss formula and the calculations in- 
ved in the application of the loss formula. 


)Numbered references are listed at the end of the article. 


Fig. 1. 


erator unit 


Fig. 2. 
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Simplified performance curve 
showing fuel input of a turbine-gen- 


Simplified performance curve 
of a turbine-generator unit showing 
the incremental fuel rate, which is the - 
slope of the fuel-input curve in Fig. 1 
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DETERMINATION OF GENERATION 
SCHEDULES 
Operation at Equal Incremental Fuel Costs 

To define the terms involved, simplified performance 
curves of a given turbine-generator unit are shown in 
Fics. 1 and 2. In Fic. 1, the fuel input in Btu per hour 
is plotted as a function of plant output in megawatts. 
The incremental fuel-rate curve in F1G.2 is a plot of the 
slope of the fuel-input curve in Fic. 1. The incremental 
fuel rate is converted to incremental fuel cost by multi- 
plying the incremental fuel rate in Btu per kilowatt- 
hour by the fuel cost in cents per million Btu. The in- 
cremental fuel cost is usually expressed in mills per 
kilowatt-hour. 

If all generating units are assumed to be at the same 
bus, it is known that minimum fuel input in dollars 
per hour for a given total load is obtained when all 
generating units are operated at the same incremental 
fuel cost.“) The scheduling of generation for operation 
at equal incremental costs can be efficiently accom- 
plished through the use of an incremental fuel-rate 
slide rule. Fic. 3 schematically illustrates the incre- 
mental fuel-rate slide rule for a two-generator system. 

Essentially, this slide rule consists of a logarithmic 
calibration scale, a movable strip for each generator 


INCREMENTAL FUEL RATE IN BTU PER KILOWATT-HOUR 


OUTPUT IN MEGAWATTS 


unit, and a fuel-cost adjustment scale. The calibration 
scale is graduated in Btu per kilowatt-hour to a 
logarithmic scale. Each movable generator strip is 
calibrated in megawatts and indicates the relation be- 
tween the incremental fuel rate and output of a given 
generator unit. Differences in fuel costs can be ac- 
counted for by displacing a given generator strip so as 
to line up the bottom of the strip to a position on the 
fuel-cost adjustment scale corresponding to the ratio 
of the fuel costs. For a given incremental fuel cost, 
corresponding generator outputs can then be read 
directly from the strips. If the fuel costs for both gen- 
erators are assumed equal, it is seen in Fic. 3 that, for 
a total load of 250 megawatts, 150 megawatts should be 
scheduled from Generator 1; and 100 megawatts from 
Generator 2. 


Co-ordination of Incremental Fuel Costs and Incremental 
Transmission Losses 


If the criterion of equal incremental fuel costs is 
applied to a power system in which all generators are 
not at the same bus, it will be found that there will be 


30,000 


25,000 


20,000 


15,000 


10,000 
BTU/KW-HR 


vee Net as GENERATOR | GENERATOR 2 


Fig. 3. Schematic diagram of the incremental fuel-rate slide 
rule for a two-generator system 


Fig. 4. Map showing the power system of the American Gas and Electric Co. 
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asmission of power from low-cost areas to high-cost 
as. It is necessary for optimum economic system 
ration to recognize that transmission-line losses 
ur in this operation and to modify the incremental 
_costs’of all plants to take these line losses into ac- 
nt. To do this, it is required to apply factors cal- 
ated from studies of incremental line losses for the 
ire system to the incremental fuel costs of all 
nts. These factors are treated as penalty factors to 
incremental fuel cost of all generating plants. . 
‘he penalty factor for a given plant can be expressed 
means of a transmission-loss formula involving the 
yawatt loading of all steam plants, hydro plants, 
srconnections, and by a set of constants. These con- 
ats, which are denoted by Bum, are obtained from 
network-analyzer data and calculations as de- 
bed later. 
‘hese penalty factors can be applied to the incre- 
otal fuel-rate slide rule by the use of penalty-factor 
les or charts covering the conditions existing on the 
tem at a given time. For the American Gas and 
ctric System (Fic. 4), which consists of the Ohio, 
jana, and Appalachian operating divisions, charts 
ilar to Fic. 5 have been prepared. However, for 
> of operation, computers are being considered to 
ordinate incremental fuel costs and incremental 
asmission losses. 


cedure in Obtaining Generation Schedules 
“he method involved in the actual hour-by-hour 
nomic scheduling of generation is: 


(1). Obtain a trial generation schedule, neglect- 
ag transmission losses, from the incremental fuel- 
ate slide rule 

(2).. With the generation schedule from (1), 
etermine penalty factors for all steam plants from 
he tables or charts 

(3). Displace the incremental fuel-rate strip of a 
iven plant by the logarithm of the penalty factor. 
Jetermine a new generation schedule from incre- 
aental fuel-rate slide rule 

(4). With the generation schedule determined 
rom (3), determine new penalty factors from the 
ables or charts as above 

(5). Using the new penalty factors from (4) on 
he incremental slide rule, determine a new genera- 
ion schedule. 


S rapidly converging cycle of calculation is repeated 
il the penalty factors used on the slide rule correspond 
he generation schedule obtained from the slide rule. 
n the course of calculating the daily load schedule, 
not necessary to start with step (1) each time. The 
al procedure would be to obtain an initial genera- 
. schedule from the incremental fuel-rate slide rule 
ig the penalty factors corresponding to the genera- 
schedule of the preceding hour, and then use this 
ial generation schedule in step (4). 

this procedure converges quickly to the correct 
tion primarily for these reasons: 


VARIOUS OHIO DIVISION TO 
LIN DIVISION INTER- 


HANGES 
—}—— 


WEEKDAY MORNING LOAD 
ees ee ee Eee 


PENALTY FACTOR OF PLANT n 


OHIO DIVISON TO APPALACHIAN DIVISION: INTERCHANGE 


Fig. 5. Curves showing penalty factors 


(1). The penalty factors are corrections on the 
incremental fuel costs with the incremental fuel costs 
generally being the most important factor in deter- 
mining allocation of generation 

(2). Also, in determining generation schedules 
on an hour-to-hour basis, only small changes in gen- 
eration are involved with correspondingly much 
smaller changes in penalty factors. 


Application of Method 
The steps involved in the analysis of the economic 
operation of a given system are outlined as follows: 


(1). Preparation of data 
The data required are: 


(a). Impedance diagram of transmission and 
subtransmission facilities whose losses are de- 
pendent upon manner in which generation is 
scheduled 

(b). Daily load cycles for typical week’s 
operation 

(c). Selection of base-case loading periods of 
most importance from the standpoint of economy 
loading and tabulation of loads, voltages, and 
probable generation schedules and interconnection 
flows for base cases 

(d). Incremental fuel-cost data for generating 
units 
(2). Determination of loss formula 
(3). Evaluation of savings 
(4). Preparation of tables or charts of penalty 

factors. 


The calculations involved in (2), (8), and (4) in the 
outline just given will be explained later. 


TRANSMISSION-LOSS FORMULA AND 
CALCULATIONS 

Determination of Transmission-loss Formula 

The method involved in the determination of a trans- 
mission-loss formula will be illustrated by application 
to the simple three-generator problem given in Fic. 6. 
All the required network-analyzer data and calculations 
are shown in detail to assist in understanding the pro- 
cedure. A theoretical development of this method, 
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Fig. 6. Impedance diagram for determining a transmission loss formula 
as applied to a simple three-generator problem 


together with a numerical evaluation of the assumptions 
involved, has been presented.“ Briefly, these as- 
sumptions are: 


(1). All load currents vary together 

(2). The generator terminal voltages are of con- 
stant absolute value 

(3). The ratio of reactive to real power of a given 
generator remains at a fixed value 

(4). The generator terminal voltages remain at 
fixed angles. 


It has been found that a loss formula derived with 
these assumptions closely approximates the losses in a 
power system over a wide range of operating conditions. 

In general, the total transmission losses are given by 


Prosses = Lotal transmission losses 


—22 Pm Bum Pn (1) 
mn 
where Pm, Pn= Real power output of Generators m 


and 
Bnm=Constants to be determined 


Also, the incremental transmission loss at Generator 1 
is given by 


ee a Dae Pm (2) 
m 


For the three-generator problem under consideration, 


ei ocins = ByP?+BoePP+BssP3?+2B2P;Po+ 
2B13P1P3+2BasP2P3 


Also, the incremental transmission losses at Generators 
1, 2, and 3 are given by 


OP eiaed 
——— = 2B, ,P,+2ByeP2t+2BisP3 
OP, 
OP Saco 
pp,  ~ 2B12ePit2BeePet2BesPs 
2 
CP ir stens 
ep, 2Bi1sP1 +2BesP2+2BesPs 
3 


Network Analyzer Measurements Required — 

In the following analysis, the word generator’ is 
understood to be either a steam generator, hydro gen- 
erator, interconnection, or load that is to be included 
in the loss formula. A load that does not vary in the 
same manner as the remaining loads may be included 
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y 
explicitly in the loss formula. Because the ees 
the loss formula are dependent upon the load patt 
generator bus voltages, angles, and power factor, i 
desirable to obtain loss formulas from two base cor 
tions and use the average of these two loss form 
in the study of transmission losses. 


Load-flow Study 
(1). Record generator voltage magnitudes, me 
watts, megavars, and angles (FIG. 7) 


(2). Record scalar values of all line curre 
(Fic. 8) 
(3). With the network-analyzer reference cho 


such that the summation of the currents of the g 
erators included in the loss formula equals a 1 
number, record all generator vector currents and 
real parts of all equivalent load currents (Fic. 
The equivalent load current at a bus is defined te 
the sum of the synchronous condenser, line-chargi 
and load current at that bus 

(4). For a check on the system operation, i 
desirable to record load voltages, load and line me 
watts and megavars, and synchronous-conder 
megavars. 


Impedance Measurements 

(1). Remove from ground all line-charging cap 
itors, synchronous condensers, loads, and generat 

(2).. Ground the reference point. It is best 
choose one of the major plants as the reference pc 
which, in this case, is Gl 

(3). Impress a known current 7g, at a given g 
erator m and read the real part of the voltage at 
generator buses and loads with impressed curr 
as reference. Also, read the real part of the curr 
flowing through the reference point tpm. 


0.0+j0.0 ‘ 


1.183+j0.070 


-10% 1.014-j0 
pAb! 
0.924 ¥ 


L2 


BASE MVA=100 - 
1.248 
Fig. 7. Schematic diagram giving normal load-flow data 
0.977/-0.3° 
1,051/8.2° osiif 
‘<a 0) “10% 92.0 — 
G 
(10.9) 


L2 BASE MVA=100 
129 {/{(2.2) 


Fig. 8. Schematic diagram for generator, load, and scalar line curre1 


October, 1 


~_— 


‘his test is indicated schematically in Fic. 9 and 
cifically in Fics. 10 and 11 with G2 and G3 respec- 
ly energized. 


REFERENCE POINT GROUNDED 


eal 


'Gm— 


L 
TRANSMISSION 
NETWORK 


Fig. 9. Schematic diagram of impedance measurement 
of RGEn-Gm and Ri-Gm 


i = 
“ox en 
| inpz1818 0.2182 
* +10% 
0.220 
L2 


g.10. Schematic diagram showing measurement of R@n-Gz and Rrj-G2 


Fic. 9, 


Gn cm = Rem.cn = Measured resistance between Gen- 
erator m and Generator m 


im (3) 


Rr j-Gm = Rem-1j = Measured resistance between Gen- 
erator m and load 7 


rom 
= Real part of — =) (4) 
tGm 
Km= Real part of on (5) 
Gm 


here are no autotransformers, Km=1 


-example, in Fic. 10, 


EGn 
Ren-c2= Real part of —— 
1G2 
0 
Z =— =0 
Re1-G2 20 
.2182 
Pate: =0.1091 
.2000 
5; 
BE 
Ryj;-c2= Real part of = 
G2 
.0200 
.2200 
| epee HATO 
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163=1.0 pu 


Fig. 11. 


Schematic diagram showing measurement of R¢n-Gs and R1j-Gs 


These values correspond to the resistances shown in the 
second columns of Tables I and IT which are respectively 
the Ren.gm matrix and the Ry;¢m matrix. The K, 


matrix is given in Table III. 


TABLE I 
MEASURED R@n-Gm RESISTANCES 
M—> 
G1 G2 G3 
nN 
G1 0.0 0.0 0.0 
G2 0.0 0.1091 0.1000 
G3 0.0 0.1000 0.1100 
TABLE II 


MEASURED Ry;.Gm RESISTANCES 
a 


G1 G2 G3 


0.0100 0.0110 


0.1100 


0.1210 


TABLE III 
CALCULATED Ky» 
m——> 
1 2 3 
L 1.00 | 0.909 | 1.00 


Calculation of B,., 


The Bum are calculated in the following manner: 


(1). Calculate 


il 
dm=— 211; Rrj-Gm 
tL fj 


where 1, = 21,;= Total load current 


J 


(6) 


iz; = Real part of equivalent load current 


from base case 


R1j-cm = Measured resistance between genera- 
tor m and load 7, as given in Table II. 
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TABLE IV 
CALCULATION OF d,, 8 
tp; Ryj-¢1 injRrj-G1 Ri;-Ge tr R1;-G2 Rij-63 IR 15-63 5 
teal 0.7382 0.0 0.0 0.0100 0.00732 0.0110 0.00805 
L2 1.248 0.0 0.0 0.1100 0.13730 0.1210 0.1510 @ 


i, == 11; — 1.98 z 1,jR 14-41 =().4) 
J 


J 


d,=0.0 
TABLE V 
dm MATRIX 
m—=>- 
1 2 3 


| 0.0 | 0.0730 | 0.0804 


The calculation of dm is given in Table IV. The dm 
matrix obtained is given in Table V. 


(2). Define Dr=Total real current flowing 
through reference generator when all the load cur- 
rents are supplied from reference generator. 


Then 


z 11;R1j-G2 =0,1446 
J 


E i4Ry.¢s=0.1591 
J 


0.1446 0.1591 
ds= 98 4-798 & 
=0.0730 =0.0804 — 


Calculate 
Ry-m— CnC mw! = R6nGm— Cmdn— Cndn | 
For example, 
R2.3 —C2C3w' = Rea.cs — Csd2—Cads 


= 0.10 —0.9406(0.0730) — 
0.8550(0.0804) 

= 0.1000 — 0.06866 — 0.06875 

= — 0.03741 


‘ 


The values of RoéyGm—Cmdn—C ndm are given. 
Table VI. : 


LD RIG a . : 
oT hae Gam) (7) (3). Calculate w’ from the relationship 

TABLE VI D2; eRe — rz (tamtdn +Zgmtqn) (Rén-Gm ney Cmdn a Cndm) i 
[Ren-Gm —Cmdn —Cdm] MATRIX ene mn = +0.0730 
m——> zz (tamtan +4 qmtqn) GnGn ; t 
1 2 3 mn ' 
en : 
1 0.0 — 0.06886 —0.07562 where . 
ee Rr= Resistance of Line k : 
| 2 — 0.01570 — 0.03741 tk=Scalar current in Line k from base cé 
~ix’Re=Total transmission losses of base ce 
k 2 


3 — 0.0412 ag 


This matrix is symmetrical 


where 
tim = Real part of Generator m current in base case 


From Fic. 8 and Table III, 


Dp=1.0(1.183) +0.909(1.014) +1.0(0.0) 
=1.183+0.9217 


SELEY 
Define 
it 1.98 ) 
Dr 2.105 (8) 
Then 
Cy, =0.9406 
Cz = (0.9406) (0.909) =0.8550 
C3=0.9406 


When there are no autotransformers in the network, 
Cm is identically unity for all n. 
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tdm= Real component of Generator m curre 
from base case ; 
igmn=Imaginary component of Generator 
current from base case 


ad 


This calculation is given in Table VII. 
(4). Calculate 
ooh ae R6n-Gm = Cdn — Crdm+ GaGa, 


Thus 


Res =Ree.gs — Csdeg—Cedg +C oC sw’ = Re 3— CoC sw 
CoC sw’ 
= —0.03741+(0.8550) (0.9406) (0.0730) 
= —0.03741+0.05871 
= +0.02130 


ee SNe ee eee 


- 


The values of Ry. are given in Table VIII. 
(5). Calculate 
Bun — Bum =" 


1 
mat +5mSn) COS Omn+ (Sm—Sn) sin oan Rig 


ne ee a ee ee 


_— 
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TABLE VII 1 

S) 

CALCULATION OF w’ | 

nS 

S 

ies | 

mn i) g 

8 Oo 5 

a ale oy eS 

- ts C 2 

+ J - 3 

s = 2 3 ~s ir S 

2 = Ps S & se 

m n Si Ss .& -S uf x 2 
, 1 1 0.8847 1.399 0.0049 1.404 1.242 0.000 0.00000 
: 2 2 0.7310 1.028 0.0049 1.033 0.7551 —0.0157 —0.01622 
e 3 3 0.8847 0.000 0.0000 0.000 0.0000 —0.0412 0.00000 
1.997 — 0.01622 
1 2 0.8042 1.200 —0.0049 1.195 0.9610 — 0.06866 —0.08205 
1 3 0.8847 0.000 0.0000 0.000 0.0000 —0.07562 0.00000 
3 0.8042 0.000 0.0000 0.000 0.0000 —0.03741 0.00000 
0.9610 — 0.08205 


2 Vamtan + Vamtan) (Ren-am— Cmdn— Cn) = 0.01622 —2(0.08205) 
rn 


m base case, : 
i UR ae = - UeRz ra 0. 1058 


= — 0.01622 — (0.1641) = —0.1803 


Zz (tambanttgmbqn) = 1.997 +2 (0.9610) 
mn 
= 1.997-+-1.922 =3.919 


: : 242R —Zz2z lambdn Lenin R = 1 — Cridn— Gd, 
3 Se ee Sine ) _0.1058+0.1803 _ 0.2861 _ 9 739 
2 . 2 z Cantaacic lantern) GAGr 3.919 3 3.919 ; 
mn 
TABLE VIII TABLE IX 
: Rn-m MATRIX TABULATION OF Brym 
mM——> ‘ak 
1 3 A By =0.0589 
n Boo =0.0460 
1 0.06458 —0.00995 — 0.01104 Bg =0.0245 
By = —0.0104 
By3= —0.0108 
2 +0.03767 | +0.02130 B= +0.0241 
0.02338 % 
: a ae The value of Qn for Generator 3 is assumed to be zero. 
This matrix is symmetrical ch 
Thus 
Vm= Bus voltage of Generator m ‘ 
" pace vs 2 
-@m=Angular position of terminal voltage of Gen- Bes vet +52") Ree 
erator ™ 
Om= Reactive power output of Generator m Boe= (0. oop +? 12?) (0.03767) 
Sm 4 of Generator m for base case = 0.04604 
Pu 
‘rom Fic. 7 the following data can be tabulated: ia » = ~ ant +5953) cos 823+ (Se—5s) sin vs} Ree 
penne nes ee ie 


yen. 


3. Pn Om Sm Vn Om 
1 Poder Orbe, 00842") 1.051555" 8.2 
2 emt .On ee Oon | 7 O91! 62.8 

3 Hose 4 00.0) ~ ...0.00255.0,077~,. 0.3 
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1 
~ (0.911) (0.977) 


[(0.12) sin 3.19)i' 0.0213) 


{0 + (0) (0.12)] cos 3.1°+ 


=0.0241 


The values of Bum are given in Table IX. 
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LOSSES IN DETERMINING GEN- 
ERATION SCHEDULES (GENER- 
ATION SCHEDULES DETER- 


3000 MINED FROM EQUAL IN- 


CREMENTAL FUEL COSTS) 
Ze 


EFFECT OF INCLUDING 
TRANSMISSION LOSSES 
IN DETERMINING GENER- 
ATION SCHEDULES 


2900 


FUEL INPUT IN-DOLLARS PER HOUR 


2800 


1250 1300 


RECEIVED LOAD IN MEGAWATTS 


Fig. 12. Curves of fuel input vs. received load as an evaluation of savings 


(6). The Bum can be checked by calculating the 
losses for the base case. Thus, since P3=0 


Prosses = BrP? +BeeP? +2Bi2P1Pe2 


Substituting the per unit values of P; and Pg into this 
equation gives 


Prosses =0.106 per unit 


This checks the losses of 0.106 obtained by summing 
the [?R losses in each line from the base case. 


Evaluation of Savings 

It is prudent to evaluate the savings involved when 
scheduling generation with the effect of incremental 
transmission losses, using typical fuel-cost data and 
typical operating conditions. 

It is suggested that this step be taken before pre- 
paring the tables of penalty factors to determine 
whether the preparation of tables of penalty factors is 
justifiable. For this purpose, it is sufficient to use one 
of the previously published methods® for co-ordinating 
incremental fuel costs and incremental transmission 
losses. In general, the simultaneous equations de- 
scribed can be solved to better advantage on digital 
computers than on the a-c network analyzer. 

The steps involved in this evaluation of savings for 
typical operating conditions are: 


(1). Determine a generation schedule by operat- 
ing the plants at equal incremental fuel costs 

(2). Determine a generation schedule including 
the effect of incremental transmission losses by 
solving the proposed simultaneous equations) by 
means of IBM punched-card machines. »(,) 


(3). Calculate the fuel inputs for the generation 
schedules 
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(4). Calculate the total transmission losses of 
sponding to the generation schedules i 
(5). Plot curves of fuel input as a function o 4 
ceived load, as in Fic. 12. + 


It is interesting to note that an average saving of 
dollars per hour corresponds to an annual saving 
175,000 dollars. 


Preparation of Charts or Tables 
The penalty factor Ln for a given plant may 
expressed in terms of the megawatt loading of all ste 
plants, hydro plants, and interconnections in t 
manner: 
Ln= Penalty factor of plant 1 


=1+incremental transmission loss of plant 1 
m es. 


where 4 
Pm=Plant or interconnection megawatt loadi 
Bum =Constants of transmission-loss formula 
Optimum economy is obtained when: 


(Incremental fuel cost of Plant 1) (Ly) =C 
(Incremental fuel cost of Plant 2) (Lz)=C 


0 ie fe Nets. 6 © eve er .e we  ielshy Oyo, B Se"get al cot a lie” pew /e\ mien cof gino! pt neath] at tee 


(Incremental fuel cost of Plant n) (Ln) =(Ci ia 
where C=Incremental cost of received power. 


The penalty factors for numerous operating con 
tions of the system can be efficiently calculated 
means of digital computers. . 

» 
Other Applications of Loss Formula 7 

Frequently, it is important to know the change 
transmission losses in a company under different ¢ 
ditions of sales and purchases to and from neighbor 
companies for purposes of billing. These changes 
total system losses may be easily evaluated by me 
of a total system-loss formula in which the vari 
external interconnections are included as_ specif 
variables. ; 
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ELENIUM RECTIFIERS 
FOR ELEVATOR POWER SUPPLY 


Meeting the growing need for a convenient, economical 
solution to the conversion of power for elevator motors 


By P. V. HAHN 
Lighting and Rectifier Department 


General Electric Company LZ: og 
Cle, /- 


PPLICATION of selenium rectifiers as a source of to the delta-wye transformer (Fic. 2). This transformer 

™ power for d-c elevator motors has assumed a new __ is equipped with taps to allow for 10 percent line-volt- 
portance, because of the present trend toward age variation as well as the eventual aging characteristic 
lacing d-c power feeders with the more economical of selenium rectifiers. The taps are adjusted on the 
> distribution system. The experience of many 
ctric-power companies and building managements 
s proved this application to be efficient, convenient, 
‘Xpensive, and dependable. 
Because the rectifier is located between the a-c 
stem and the d-c motor, no changes have to be made 
the elevator equipment. Local building codes some- 
nes specify that complete renovation of the elevator 
stallation must be made if any portion of it is altered. 
such instances, with the use of a conversion unit 
this type, no renovations are necessary, the installed 
uipment is utilized, and a reliable power supply 
-the elevator drive is obtained. 


mponents of the Unit 

A typical unit for this application, shown in Fie. 1, 
nsists of an insulated transformer, selenium-rectifier 
wcks, a cooling fan, and auxiliary control equipment. 
1ese elements are enclosed in a metal casing. A fused 
> disconnect switch, equipped with fuses of high 
errupting capacity, and a 3-pole a-c- contactor with 
ermal-overload protection control the input power 
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easily accessible terminal board, and the correct a-c 
power is supplied to the selenium stacks to provide the 
required d-c output voltage for the load. 

The selenium-rectifier stacks are arranged to form a 
3-phase, full-wave bridge-type circuit, thereby provid- 
ing the d-c power required to operate the elevator 
motor. On the d-c side, fuses or a fused disconnect 
switch serve to disconnect the unit from the line. 

The equipment is housed in a casing made of two or 
more standardized vertical sections bolted together, 
one on top of another. Casings can be built in exactly 
the right size for the required rating. The transformer 
and terminal board are mounted in the bottom section. 
The selenium-rectifier stacks are installed on a vertical 
rack near the front of the unit. 

A fan provides cooling of the selenium stacks and of 
the transformer on all forced-air-cooled ratings. Air is 
taken in through the front wire-mesh panel, blown 
across the selenium stacks and down across the trans- 


WIRE-MESH PANEL 


SELENIUM STACKS 
RACK-MOUNTED 


BALL-BEARING FAN 


CONTACTOR 


Earend DISCONNECT 
SWIT 


TRANSFORMER 


Fig. 3. Block diagram showing air flow for cooling 
selenium stacks and transformers in a typical ac/dc 
conversion unit 


former (Fic. 3). Thus no dirt or dust is sucked up from 
the floor of the factory. 

Present trends indicate that a-c power is distributed 
by a 3-phase 60-cycle a-c system, at 208, 230, or 460 
volts. Ratings of output required vary with the size 
of the elevator. D-c output voltages of 125 volts and 
250 volts d-c are standard; occasionally 500 volts d-c 
are required. The convection-cooled units are run at a 
conservatively higher-rated current density. 

A slow, gradual aging (increase in forward resistance) 
is characteristic of all selenium rectifiers. Any slight 
effect this may have on output voltage can be readily 
offset by occasionally changing transformer taps. It is 
conservatively estimated that these power supplies 
will deliver their full rated output in normal elevator 
service for 15 years or more. 


The units are rated at a normal ambient temperature 
of 35 C. Operation at higher temperatures is permitted 
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by derating the output of each unit, and the requ 
d-c power obtained by installation of additional 
pacity. Only 4 percent ripple is obtained in the. 
output of a 3-phase, full-wave bridge with a balan 
3-phase input; this assures continuous operation of 1 
d-c motor without overheating. 


Operating Advantages 

Economical operation is assured by the high e 
ciency of these units. Between 83 and 87 percent can 
expected for newly installed units. This efficiency c 
be maintained over an operating range of from O: 
eighth to full load. Although this efficiency will decre; 
somewhat with aging, it will not drop below a minim 
78 percent. 

The inherent voltage regulation of selenium veotll 
is from 10 to 13 percent. This regulation, which 
further emphasized during the starting of the elevat 
when high peak currents occur, assures smooth eleva 
rides. When one power supply is being used for ea 
elevator, the regulation provides for smoother ope 
tion by softening the harshness of the rheostatic contr 

In buildings where more than one elevator is us 
essential service can be maintained by the use of 
separate rectifier power source for each elevator. T 
running of two or more elevators from one poy 
supply is not recommended, since speed changes in 0 
unit would be noticeable when any of the others sta 
Special arrangements can be made for applicatic 
where a number of elevators are used: the regulati 
is controlled and several rectifiers in parallel proy 
d-c power to the elevator motors. 

The main operating advantages of selenium rectifi 
for d-c elevator drives can be summarized as follows 
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(1). Low installation cost. Selenium-rectifier u: 
do not require special mounting platforms or founc 
tions, but can be placed on any level surface. El 
tric connections are few and can be easily made. 

(2). Low operating cost. Since the output pow 
of these rectifier units is controlled by the i 
from the a-c transformer, little or no power is 1 
in heat. Consequently, the units have a high e 
ciency and low operating cost. With an fon 
load, a power factor of 95 percent or more lead 
power-bill economies. ; 

(3). Ease and simplicity of operation. The ut 
are operated by pressing the START or STOP butte: 

(4). Low maintenance cost. The equipment 
no moving parts except a small fan in the larger u 
As with all static equipment, maintenance costs : 
at a minimum. The fan requires lubrication once 
twice a year. 

(5). Additional capacity. The units are & 
servatively rated to give specified ratings on 
continuous-duty basis. Infrequent overloads a 
percent load current for periods up to one-half ho 
will cause no damage. Should additional capac 
be required at any time, the user can add units 
parallel and thus increase the capacity of the instal 
tion. ; 


October, : 


Pri’, 


ical Application ¢ 


pecial problems pertaining to elevator application 


perhaps be best studied by considering an actual 
blem: 


. twelve-story downtown office building is at present 
plied with d-c power at 250 volts. Several elevators, 
h powered by a 40-hp rheostatically controlled d-c 
for, daily carry exacting passengers to the various 
er-story offices. In a building of this type, therefore, 
endable elevator service is essential. The power 
ypany has informed the building management that it 
as to discontinue the d-c supply, and that in the 
ire only 460-volt 3-phase 60-cycle power will be 
ilable. 

‘wo 20-kw selenium rectifiers and a dynamic- 
king protective panel provide the equipment neces- 
7 for the power-supply conversion of each elevator, 
Illustrated by the diagram shown in Fic. 4. Three- 
se a-c power is supplied to each of the selenium- 
ifier units, whose outputs are connected in parallel 
rovide the correct d-c power to the elevator motor. 
Ine special precaution should be borne in mind, 
ever. Many elevator-type loads are regenerative 
depend upon electric pumpback in their operation. 
the selenium rectifiers cannot absorb this excess 
fer, a dynamic-braking protective panel and resistor 
required. The protective resistor is connected across 
dine when pumpback occurs. For certain types of 
ator drives it is estimated that the value of the 
srbing resistor should be about 40 percent of the 
ie of the power supply. For the problem considered 
3, a 16-kw resistor should be sufficient. 

Vhenever regeneration occurs, the rise in voltage 
lates a voltage-sensitive relay, which in turn holds 
the load resistor contactor. Thus, the absorption 
stor is put across the line. A time-delay relay 
ases the contactor after a predetermined interval. 
he elevator load is still overhauling, the voltage- 
itive relay will again see a high line voltage, and the 
le cycle of operation will/be repeated. 


With all excess electrical pumpback energy safely 
absorbed by the protective resistor, the selenium recti- 
fier is protected for reliable and continuous operation. 


Summary 


Every morning, noon, and night, elevators powered 
by selenium-rectifier conversion equipment provide 
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Fig. 4. Installation diagram showing two rectifiers connected in parallel 
and wired to a dynamic-braking panel. A protective resistor is connected 
across the d-c bus 


essential and reliable service to thousands working and 
living in multi-storied buildings. Up to the present 
time, Chicago has installed capacity valued at approxi- 
mately $250,000. 

The application for this equipment is steadily grow- 
ing, not only in transporting people but also in moving 
freight. Wherever d-c power is required for old ele- 
vators, metallic-rectifier power supplies give a depend- 
able, convenient, and economical solution to elevator 
power-supply problems. 


LIGHTS AND SIDE LIGHTS 


Rainmaking Trees 


1e mountain pine tree may prove to 
n excellent rainmaker by “needling” 
ture from passing clouds and fog. 
cording to top weather scientists, the 
les of pine and other evergreen trees 
ing on mountainsides are good collec- 
of tiny water droplets in clouds and 
which collect them. Under certain 
itions, such collected moisture has 
-observed to drip fast enough to give 
ppearance of rain. 

uns are afoot to conduct detailed 
es of the amount of precipitation pro- 
d in this manner and ways in which it 
t be augmented by man. It is be- 
1 possible that the use of specific 
of evergreen trees in reforestation of 
ered-off or burned-off mountain 
might have an added benefit in in- 


UHF Television 


World’s most powerful 
ultrahigh-frequency tele- 
vision transmitter is ex- 
plained to visitors at 
Electronics Park, Syra- 
cuse, where tests of the 
equipment are now being 
made, 


ber, 1951 


a 
a. 2 


creased rainfall. It might also be possible 
to devise artificial structures with the same 
moisture-catching properties to enhance 
this source of water supply. 


Tiny water droplets composing clouds 
apparently strike and stick to evergreen 
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needles, then join and grow to raindrop 
size. In this manner, the evergreens can 
collect and shed water as long as the 
cloud moisture supply is available. Clouds 
should have a speed of five to ten miles per 
hour, which is common, for the rain- 
making process to work efficiently. 


ELECTRIC EQUIPMENT 


FOR 


NEW MULTIPLE-UNIT CARS 


Numerous improvements and innovations in design 
and construction give these suburban trains greater 
comfort .and simplify their operation and maintenance 


UBURBANITES in the Greater New York metro- 
politan area, traveling the Harmon-Grand Central 
Terminal and the White Plains-Grand Central Ter- 
minal electrified lines of the New York Central Rail- 
road, are riding in new comfort. Trains composed 
entirely of new multiple-unit cars having many in- 
novations are setting a new high standard in commuter 
service. The 100 new cars now in service operate from 
the existing 600-volt third-rail system, supplementing 
the 351 cars placed in operation between 1907 and 1930. 
The new cars were built by the St. Louis Car Com- 
pany; the electric propulsion and control equipment 
was manufactured by the General Electric Company. 
All cars are motorized, each one having two four-wheel 
trucks with 36-in. wheels and roller journal bearings. 
Each car weighs approximately 150,000 lb, without 
passengers, and is capable of seating 130 persons. The 
length over couplers is 85 ft, and the truck wheel base 
is eight feet. The car body is of lightweight, welded 
construction using high-tensile low-alloy steel. 

Pleasing external contours, smart fittings, and pic- 
ture-type windows mounted in aluminum frames, 
shown in Fic. 1, all contribute toward giving the cars 
a modern appearance, in harmony with designs already 
established for present-day mainline equipment. The 
interior, shown in Fic. 2, is painted in light-toned 
shades, and the moldings and other appointments are, 
in general, of aluminum and stainless steel. Continuous 

papular, stainless-steel luggage racks are installed 


By D. S. ONNEN 


Locomotive & Car Equipment Department 
General Electric Company 
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throughout the length of each car. Fluorescent lights 
is used, with a continuous row of fixtures down 1 
center line of the car ceiling. In keeping with 1 
modern trend, each car is air-conditioned to furtl 
increase the comfort of the passengers in both sumn 
and winter. 

Trains are made up of from two to fifteen of the ; 
cars. The control is set to provide an average accele 
tion of 1.5 mphps on a five-car train without passen; 
load. Such a train could have a free-running speed, 
level tangent track, of 70 mph, when operating witl 
600-volt power supply from the third rail; howey 
the railroad restricts multiple-unit car speeds to 60 m 
in its electrified territory. 


Traction Mofors 3 

The traction-motor application is unusual for st 
urban coaches. It incorporates many improveme: 
which constitute radical departures from previc 
multiple-unit practice. Four truck-frame-mounted s 
ventilated motors are installed on each car. Each mo 
develops 100 shp at the one-hour rating, when operat: 
with 300 volts across its terminals. The motors :; 
insulated for a nominal operating potential of 600 ve 
to ground, and the two motors on each truck i 
permanently connected in series. - 

The traction equipment includes the motor its 
mounted on the truck transom, a flexible coupling 
afford positive drive between the motor and gear ut 

Fig. 2. Fluorescent lighting, continuous tubular 


and a water cooler are new internal features. Additio 
capacity is provided by extra-wide seats on one side 


a Single-reduction gear unit complete with hanger 
mbly. One complete motor-gear unit equipment 
hs slightly less than 2400 lb. 

he four-pole d-c commutating-pole motor used on 
> cars was designed especially for suburban service, 
a view to providing maximum capacity with 
mum weight. Performance characteristics of this 
or are shown in Fic. 3. The frame is of the rolled- 
> type, fabricated for lightness in weight. All top 
Ts are provided with expanded metal to allow free 
low through the machine. The armature shaft is 
d, on the commutator end, with a ball bearing con- 
ed in a cartridge-type enclosure; and on the drive 
with a roller bearing. Grease lubrication is used 
junction with all-metal labyrinth seals. 
frrangement of the car underside was simplified by 
use of self-ventilated motors. This eliminated the 
ssity for running numerous air ducts under the 
h from separate blowers to the traction motors. 
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ventilating air is drawn in through protected 
ings in the upper commutator cover and distrib- 
_in two paths. One air stream passes under the 
mutator and through the longitudinal ducts in the 
ature core; the other passes over the armature and 
nd the field coils. A fan expels the two streams of 
hrough openings in the frame. 

he motor torque is transmitted to the wheels 
ugh a flexible coupling and rubber-supported gear- 
pinion assembly. The coupling is of the double 
nal-external gear type, which acts as a spline and 
1its vertical and horizontal misalignment. The 
‘nal teeth on the coupling pinions are crowned, 
1at they can swivel freely in any direction with 
sct to the internal teeth on the sleeve, through an 
> equal to the maximum angular-misalignment 
city of the coupling. The coupling is grease- 
cated. Flexible synthetic-rubber seals, fitting 
ly around the pinion shafts of the motor-and-gear 
are provided to retain lubricant and exclude dirt. 
1e fabricated-steel gear housing is supported on the 
by roller bearings. The pinion shaft is connected 
1e flexible coupling at one end, and runs in two 
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roller bearings that are mounted in the gear housing. 
The transom end of the housing is supported from the 
truck frame by a rubber-cushioned hanger. A ground 
brush is used to by-pass propulsion current around the 
roller journal bearings. 

The gear-and-pinion mesh, as well as the bearings, 
are oil-lubricated by a combined splash and dip system. 


Improvements in Operation 

Many features incorporated in this equipment help 
overcome a number of problems associated with older 
types of multiple-unit car equipment. For example, 
the use of four motors per car eliminates all idle axles. 
Consequently the required accelerating tractive effort 
is obtained at a low value of adhesion, reducing the 
tendency to slip under unfavorable rail conditions. 
Distributing the motor weight over all axles, instead of 
concentrating it on two, gives a definite advantage. 
This, together with the use of truck-mounted instead of 
axle-hung motors, reduces the associated unsprung 
axle loading. As a result, road shocks are minimized, 
which means better riding qualities and reduced mainte- 
nance on motor and truck parts. The use of completely 
self-contained roller-bearing gear units with solid 
helical gearing minimizes noise and vibration. Oil 
lubrication of both gears and bearings insures quiet, 
dependable service. 


Control Equipment 

The propulsion control equipment of the new cars 
includes two steps of field shunting. The traction motors 
are controlled by an electro-pneumatic mechanism, 
which operates a camshaft to positively open spring- 
closed resistor contactors. This method of commutating 
the accelerating resistance insures positive sequence 
without the use of elaborate mechanical or electrical 
interlocking schemes. 

The electropneumatic controller on each car in a 
train is operated from the master controller in the 
engineer’s| cab of the leading car. To provide smooth 
acceleration, the four traction motors on each car are 
first connected in series and the resistance is cut out in 
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Trains of two to fifteen new multiple-unit cars, each driven by four truck- 
mounted motors, now operate on the 600-volt third-rail system 


nine steps, as shown by the diagram and sequence 
table in Fic. 4. The progression of the electropneumatic 
controller from step to step is governed by an accelerat- 
ing relay which holds constant current through the 
motors. The circuits are so arranged that, after tran- 
sition from series to series-parallel motor connections, 
acceleration is continued by rotation of the controller 
camshaft, back through the nine steps to its original 
position. A notching relay enables the engineer to arrest 
the accelerating progression by moving the master- 
controller handle back one notch, a feature which has 
been incorporated to approximate the operation of 
controllers on the cars already in service. 
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Fig. 4. 


Two steps of field shunting are provided when the 
motors are in the final running position—two in series, 
two groups in parallel. This gives a total of 20 steps, 
double the number on the older cars. After all accelerat- 
ing resistance has been cut out of the circuit, the four 
field-shunting contactors automatically close, inserting 
suitable resistance and inductance in parallel with the 
main motor fields. The first step of field shunting is 
controlled by the accelerating relay, and the second 
by the field-shunting relay. 


Master Controller 


Engineers’ compartments are located at diagonally 
opposite corners of each car, permitting use of the cars 
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Connection diagram and chart of contactor sequence 
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oa 
in any desired combination. The design of the me 
controller in each compartment embodies many d 
able features that have already been tested on o 
modern equipments. Itis of the cam-operated individ 
switch type, and is equipped with a safety-control 
up operating handle which acts to remove power 
apply emergency brakes if the pressure of the e 
neer’s hand is released. The controller has five positi 
OFF, SWITCHING, SERIES, SERIES PARALLEL, and FI 
SHUNTING. By the use of a special reverse-handle | 
ing mechanism, one type of key will lock and un 
controllers on both new and old cars. : 

A pair of line breakers, working in conjunction } 
the master controller, initially closes the traction-m 
circuit, and also acts to break the circuit when con 
power is removed. This device consists of two elec 
pneumatic contactors connected in series to af 
satisfactory line-current interrupting characteris 
It also serves to protect the traction motors aga 
overloads and power interruptions. : 

An unusual feature of these cars is the use ¢ 
circuit-breaker as a main switch and the installa 
of circuit breakers in the control and lighting cire 
wherever possible. 

The control includes a high-speed potentials r 
which is energized as soon as the collector shoes con 
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the third rail, and which is adjusted to drop out 
line potential falls below a certain value. When 
relay contacts open, the main circuits are interru 
and the motor controller automatically moves to 
OFF position. This prevents restoration of line poten 
on the motors until the full value of starting resist 
is in the circuit. 
The control, lighting, and battery circuits are § 
plied by a 4-kw 600/75-volt d-c motor-generator 
which floats across a 48-cell battery rated 170 amp 
hours at the eight-hour discharge rate. The 600- 
motor of the set is connected to the line in series y 
one step of starting resistance, which is short- circu 
by a contactor when the voltage of the 75-volt 
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ator reaches approximately 50 volts. The operat- 
il of this contactor is in series with an auxiliary 
ock on the potential relay. This provides protec- 
in the event of a heavy reduction or complete 
uption of power, by insuring that the set can be 
nected to the line only with maximum resistance 
ies with the motor.- 

2 air-brake equipment is a combination of auto- 
-and electropneumatic passenger-car systems. It 
ys the D-22-BR control valve, which is the 
ard for interchange passenger cars, and includes 
opneumatic features for high-speed operation. The 
ic portion of the brake equipment consists of two 
et valves on each car, controlled by the engineer’s 
valve on the head car. This arrangement insures 
taneous operation on all cars of a train. Air pres- 
S maintained by a 600-volt single-stage air com- 
yr having a piston displacement of 35 cfm. 


onditioning 
nmer and winter comfort are afforded by the air- 
tioning system installed on the new cars. For 


summer operation, the unit is capable of providing 
seven tons refrigerating capacity on each car. The air- 
conditioning compressor is driven by a 13-hp 600-volt 
d-c motor, and the condenser and evaporator fans are 
each driven by a 1-hp 600-volt d-c motor. Air-condition- 
ing control panels thermostatically control the rotating 
equipment. Compressor and condenser units are 
mounted under the car, while the evaporator, with its 
associated fan equipment, is located above the ceiling. 
The same fans are used to circulate the air at all 
seasons. In summer the air is cooled by the evaporator, 
and in winter it is heated by electric strip heaters 
mounted in the air duct between the ceiling and roof. 
This heating is supplemented by strip heaters located 
in protective housings around the sides of the car at 
floor level. 

The numerous improvements and innovations in 
design and construction embodied in these cars place 
them among the best suburban equipment in operation 
today. Many thousands of commuters are benefiting 
daily from the increased comfort and convenience of 
the new trains. 


GHTS AND SIDE LIGHTS 


Indoor-outdoor Current Transformers 


oduced two years ago for indoor 
t transformers, the butyl-molding 
3 has now been applied to an entirely 
ne of current transformers, the first 
ped for both indoor and outdoor 
ation. The new line of 600-volt 
rmers can be used on single-phase 
n polyphase circuits. These butyl- 
1 units were designed to reduce 
ers’ stock requirements and help cut 
ary costs. 

main problems associated with the 
‘butyl on outdoor transformers— 
penetration, sealing of butyl to 
parts, and surface creepage—had 
alved by two years of research and 
. The butyl insulation combines 
loisture absorption, good corona 
nlight resistance, excellent adhesion 
yer, very low power factor, and good 
ce to mechanical damage. By the 
yutyl, expensive porcelain and metal 
re eliminated, and the molded in- 
n permits compact designs meeting 
rd mounting dimensions for indoor 
tions, and is completely water- 
or outdoor service. 

ors, the new transformers can be 
sd in any position, on any flat sur- 
hey are especially suited to use in 
yoxes, because secondary terminals 
top and transformers can be mount- 
2 together. Reversing the secondary 
illows metering leads to leave the 
rom either side. When used out- 
the butyl-molded transformers can 
alled on poles, without cross arms 
sing boxes. 

of the new line is a 600-volt 
y-type current transformer with 
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primary ratings of 200-, 400-, and 600- 
amp—designed to carry continuously 200 
percent of rated primary current. When 
mounted on an adapter plate, the new 
transformer meets dimensional require- 
ments of EEI specification MS2 for low- 
voltage metering current transformers, 
thus increasing its interchangeability. 
Butyl gum is.a synthetic elastomer that 
has extremely good chemical stability 


The first indoor-outdoor butyl-molded transformer, 
600-volt window type 


and resistance to oxidation. ‘To adapt the 
gum for transformer insulation, it is mixed 
with fillers, vulcanizing agents, and 
plasticizers. 

Detailed experiments were performed to 
test the resistance of butyl to water pene- 
tration, weathering, and surface voltage 
creepage. No change in power. factor 
occurred after 55 days immersion of a 
Y-in. layer of butyl in water of room 
temperature (25 C). 
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Two-inch window permits use as a three-wire 


Silicone-steel core, secondary winding, and base of 
the indoor-outdoor transformer before molding 
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APPLICATION OF AIR CIRCUIT BREAKERS 
IN A-C MOTOR CIRCUITS 


In addition to branch-circuit protection, modern breakers can serve 
as the motor controller, the motor-running overcurrent protection, and 
the disconnecting means in a-c motor circuits of 600 volts or less 


OW-VOLTAGE air circuit breakers are frequently 
used for motor-branch circuit protection. Recent 
developments, however, make it possible for modern 
breakers to serve in other capacities as well. Therefore, 
it might be helpful to clarify the role played by the 
air circuit breaker in motor-branch circuits. 

It is the purpose of this article to outline the possi- 
bilities of breakers as applied in motor-starting equip- 
ments. Particular emphasis is placed on recent develop- 
ments of breakers for use as the motor controller. 


Mofor-circuit Requirements as Met by Breakers 

Fic. 1 represents schematically the elements of a 
motor-branch circuit. The requirements of these ele- 
ments and the extent to which they are met by circuit 
breakers are described: 


Motor-branch-circuit Overcurrent Protection 


The purpose of this device is to protect the branch- 
circuit conductors, the motor control, and the motor 
against overcurrents due to short circuits or grounds. 
Such protection requires that this device be capable of 
interrupting any short circuit at or beyond its load 
terminals. Because a circuit breaker is primarily a 
circuit interrupter, it serves this purpose admirably. 
Normally, a breaker used for motor-branch-circuit 
overcurrent protection is equipped with series over- 
current trips which give both time-delay and instan- 
taneous short-circuit protection. 

The time-delay-element pickup should be set low 
enough to trip on faults which would damage the 
branch-circuit elements. The time delay afforded should 


ate ene Fig. 1. Elements of a 


CURRENT PROTECTION motor-branch circuit 


DISCONNECTING MEANS 


MOTOR BRANCH 
CIRCUIT CONDUCTORS 


MOTOR RUNNING OVER- 
CURRENT DEVICE 


By PHILIP L. CAMP 


Switchgear Department 
General Electric Company 


Fig. 2. Modern enclosed air circuit 
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be sufficient to allow the motor to start without trig 
out as a result of the motor-starting current. 
National Electrical Code requires time-delay pi 
settings not greater than 150 to 250 percent of n 
full-load currents depending on the degree of n 
locked-rotor current. ; 

The instantaneous trip pickup should be set ¢ 
as close to the maximum motor inrush curren 
possible to allow for fast tripping on short circ 
Experience shows that an instantaneous element se 
of 150 percent of motor nameplate locked-rotor cu 
is the minimum permissible to ride over the ¢ 
current in the highest phase during full-voltage star 
A setting of 200 percent is preferable. ! 

Such time-delay and instantaneous pickup ‘set 
are readily available on circuit breakers. Sufficient 
delay to allow for motor acceleration can be obté 
from either thermal-magnetic or dual-magnetic « 
current trips. Thus, in general, circuit breakers de 
nish all the requirements of motor-branch-circuit | 
current protection. 


Disconnecting Means ‘ 


The purpose of this device is to disconnect the : 
and controller from all ungrounded supply conduc 
A circuit breaker is a special type of switch; as: 
it is capable of performing the functions require 
the disconnecting means. 


| | MOTOR CONTROLLER 
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breaker with manual handle, mechani- 
cal indicator, electrical close push 
button, and with manual trip button 
padlocked in the trip-free position 
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fodern circuit breakers are so equipped for me- 
nical indication of the breaker position that the 
rator is certain at all times whether the circuit 
uker is open or closed. In addition, when these 
ukers are of the draw-out or plug-in type, the with- 
wal of a breaker from the connected position provides 
irther indication, due to the presence of a visible 
break, that the motor circuit is disconnected from 
ingrounded supply conductors. 


reakers are operable manually by a handle and 
y can be padlocked in the open (trip-free) position 
event accidental closing during periods of mainte- 
ce on the circuit. These features, as built into a 
lern circuit breaker, are shown in Fic. 2. 


ircuit breakers have another advantage beyond fur- 
ling all the necessary disconnecting functions in that 
y can be safely opened under load or overload, and 
y will clear under short-circuit conditions. 


for-running Overcurrent Protection 


he function of this device is to protect the motor, 
trol, and branch-cireuit conductors against over- 
ting due to motor overloads. Such protection re- 
‘es that this device open the motor circuit if the 
rload persists long enough to cause excessive heating 
he circuit elements. 

verloading may be caused by the addition of too 
sh driven load to the motor; by excessive mechanical 
tion, such as bearing failure; by single-phasing; or 
subnormal voltage. The National Electrical Code 
jires pickup settings of the overcurrent device at 
n 115 to 125 percent of motor full-load current for 
> motors and at 115 percent maximum for all other 
Ors. 

ime-delay elements of circuit-breaker series-over- 
‘ent tripping devices can be set at these values with 
icient time delay incorporated to allow for the 
sleration of the motor. This time delay is usually 
rt enough to take the motor off the line before ex- 
ive heating occurs due to either moderate overloads 
ingle-phasing. Often, it is not short enough, how- 
r, to protect the motor windings from overcurrents 
r stalled-rotor level. Circuit-breaker manufacturers 
faced with the problem of supplying series-over- 
ent trips with sufficient time delay to get motors 
ted and still protect those motors with short, safe, 
ting limits. ‘There are broad variations in motor- 
lerating time and in safe heating limits. Thus a 
s-delay characteristic which will permit starting of 
t motors often will not protect those with short 
‘heating limits. 

1G. 3 shows a time-current’ characteristic of a series- 
current trip designed especially for motor-starting 
7. This characteristic is plotted as a band with 
imum and minimum tripping times shown. The 
1 width represents all possible variations in time 
current due to manufacturing and testing toler- 
s, as well as the effects of ambient-temperature 
ations from 10 C to 40 C. 
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It has been determined that a time delay of 15 sec 
at 6-times pickup will start the great majority of 
motors. This point fixes the minimum limit of the band. 
Manufacturing, test, and temperature tolerances re- 
quire a band having an upper limit of 30 sec at the 
same current. 

It is readily apparent that, if the particular motor 
being protected can safely withstand this current for 
more than 30 sec, the breaker alone will give adequate 
protection. Conversely, if the motor limitation is less 
than 30 sec, separate thermal relays must be used to 
give the necessary protection. 
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Fig. 3. Time-current characteristic of 


air circuit-breaker series-over-current 
tripping device suitable for motor- 
starting service 


Because it has not been found practical to make a 
sufficient diversity of time-delay characteristics to meet 
all requirements, complete motor-running overload 
protection must usually be obtained by the use of 
separate thermal relays matched to the particular motor 
to be protected. 5 


Motor Controller 

The purpose of this device is to start and stop the 
motor. Such a device must be capable of making and 
breaking locked-rotor currents and should give a prac- 
tical number of operations without contact mainte- 
nance for the duty on which it is applied. Most older 
breaker types were basically circuit interrupters with 


little or no emphasis given on their design for use as 


motor controllers. Their contact life at current levels 
of 5 to 6 times their continuous rating was rather short. 

A breaker with a contact structure having adequate 
life when switching motor-starting currents was obvi- 
ously very desirable. Such a breaker has been devel- 
oped. Fic. 4 shows this breaker with an arc chute re- 
moved to show the contact design. The use of multiple 
contacts per phase tipped with silver tungsten carbide 
has proved far superior to older-type single-arcing con- 
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Fig. 4. Modern air circuit breaker suitable for motor-controller duty 
with right pole arc quencher removed to show multifinger silver-tungsten- 
carbide-tipped contacts 


tact designs. These tests have shown this design to 
have an extraordinary long life on motor-starting duty; 
for example, the breaker shown will give 5000 opera- 
tions making 4000 amp and breaking 600 amp without 
any contact maintenance. Life is, of course, much 
higher at lower current levels. 

Fic. 5 indicates the life expectancy of breaker con- 
tacts on motor-starting duty for the most common 
ratings of this new multicontact air circuit breaker. 
After the number of operations listed for each of the 
two circuit breakers shown, their contacts were still in 
such condition that immediate replacement was not 
required but was indicated for the next maintenance 
period. 

Fic. 6 is a schematic diagram of the test circuit used 
to obtain the data plotted in Fic. 5. The circuit is set 
so that with the shunting breaker closed, the test 
breaker is required to close against the inrush current. 
_After a delay of 15 sec, the shunting breaker is opened, 
reducing the current to test-breaker continuous rating. 


Fig. 5. 


INRUSH CURRENT IN RMS AMPS. X 1000 


OPERATIONS X 1000 
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Fig. 6. 
ability of breaker to make inrush 
currents and open rated current 
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The test breaker is then tripped. Such a test proce 
adequately duplicates normal motor-starting c n 
tions. 

' There are some applications where circuit breall 
can not give adequate service. Contact life is not sai 
factory on highly repetitive starting duty. Pluggi 
and jogging can only be handled by a contactor. Apj 
cations requiring the repetitive opening of heavy lock 
rotor currents may give only about 10 percent of t 
life obtained on closing against such currents. Howey 
in applications where repetitive breaking of lock 
rotor currents is not involved, circuit breakers y 
generally give excellent service as motor controlle 

‘ 
Combining Motor-circuit Elements Into One Circuit Breal 

Circuit breakers can therefore be used as mot 
branch circuit protection, as a disconnecting device, 
a motor controller, and in combination with separ: 
thermal relays as motor-running overcurrent prot 
tion. 
The features required for the first three motor- brat 
circuit elements can all be incorporated into ¢ 
breaker. Separate thermal relays for tripping this sa 
breaker will provide the fourth. For many applicatio 
this single breaker can be expected to perform as 
complete motor starter with a maximum of reliabil 
and protection, at minimum cost. 


Manual vs. Electrical Operation \ - 

Because proper closing speed is always obtained Ww 
electrically operated breakers, electrical operation 
recommended for motor-starting breakers. ¢ 

Although manually operated breakers can be used 
motor starters, the speed of closing is usually depend 
on the operator; thus there is always the possi 
improper closing. Breakers should be closed with « 
firm stroke—nudging or ‘‘kissing’”’ of the conta 
result in their certain rapid deterioration. 


Undervoltage Protection 

A circuit breaker is a latched-in device which “a 
closed on loss of voltage. It is therefore recomment 
that a motor-starting breaker be equipped with a 
voltage release. In addition, where separate - 
relays are used, the relay contacts can be used to 


Average expected operations closing inrush currents and opening 
rated current without contact maintenance for two modern 600-volt air 
circuit breakers 


CURRENT LIMITING ) swunn NG BREA! 
RESISTOR 


Test circuit for proving 
rest BREAKER 
val | JTEST BREAKER TERMI 
SHUNTED 
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. 


The feature of easy removability also permits maxi- 
mum possible safety for personnel working on the motor 
or motor circuit. Complete removal of the breaker pre- 
cludes the slightest possibility of energizing the circuit 
by mistake. 


Motor-running Overcurrent Protectien without Thermal 
Relays 


Sometimes the breaker-tripping characteristic will 
match the safe heating characteristic of the protected 
motor, thus giving both sufficient time to start and 
adequate protection for all values of overcurrent. In 
such cases, separate thermal relays can be omitted. 


Where continuity of service is essential, such as on 
central station auxiliaries, breakers are sometimes used 
as motor starters with instantaneous short-circuit trips 
only. Frequently, thermal or long-time-delay relays or 
even the series overcurrent-trip time-delay element can 
be arranged to sound an alarm rather than trip the 
breaker. Thus, faults are cleared by the instantaneous 
element, but the responsibility for shutting down over- 


- 7. Modern air circuit breaker suitable for motor-branch circuit 
lication removed from enclosure to show plug-in feature which allows 
- removal for servicing and positive disconnecting 


undervoltage-device coil, insuring positive tripping 
lout the necessity of having a reliable source of 


ping voltage. 


ly Removable Breakers 


reakers used as motor starters usually require more 
ntenance than ordinary feeder breakers because of 
more frequent operation. Draw-out breakers or plug- 
reakers as shown in BiG. 7, make this maintenance 


F and easier. 


loaded motors rests with the operator. 
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LIGHTS AND SIDE LIGHTS 


“Shining Rails” 


ining Rails, a new full-color 20-minute 
on picture on railroading, depicting 
dart electricity plays in modern rail- 
s and portraying railroading progress 
ig the past 25 years, is now being 
n by the General Electric Company. 


lis dramatic 16-mm sound produc- 
filmed on locations from California 
ew Jersey, tells the story of major 
lopments contributing toward the 
ort, speed, and safety of passenger 
l, and toward improved service for 
it movement. 


ning Rails was produced by Academy 
uctions, Inc., of Hollywood for Gen- 
Electric. The Company’s transporta- 
division supervised the production 
ically. It was directed by Richard 
d, director of a recent prize-winning 


ethe Litan. * 


yduced as an educational program to 

the public advances in modern rail- 
ng practices, the movie will be avail- 
or loan at General Electric Apparatus 
offices throughout the country. It can 
urchased at cost by organizations 
ng film prints for permanent use. 


ning Rails is a sequel to Railroadin’, 
iced in 1940, which met with high 
g cclaitn. 
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Mechanized Diagnosis of Diabetes 


Precise determination of blood sugar 
content within limits of a diagnostic range 
in less than five minutes is now possible 
with a new machine which has been used 
to make tests on 4300 blood specimens in 
approximately 40 hours. Without the 
machine, processing this number of speci- 
mens would require 10 to 15 weeks of a 
laboratory technician’s time. 

Designed to provide closely controlled 
heating of the test tubes at various stations 
of the process is a Calrod* tubular 
heater, specially formed. 

Special tablets of zinc hydroxide, 
potassium iodide, potassium ferricyanide, 
and tartaric acid are added to the speci- 

*Registered trade-mark of G-E Co. 


Rapid screening of large 
groups of people for diabetes 
has been made possible by 
mechanizing the normal pro- 
cedure for blood testing 
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men at various stations of the process. 
The test tubes are progressively heated, 
steamed, and subjected to subdued heat 
of the Calrod unit; then they are tilted, 
shaken, and cooled. 

If the blood sugar value is below the 
screening level, the solution will be blue. 
If above this level, indicating an increase 
of blood sugar above the standard range, 
the solution will be colorless. This affords 
a precise, easy reading by the unassisted 
and untrained eye. 

The machine is portable, weighing only 
53 pounds. The Calrod heating element is 
protected by a guard. A reflector slide 
provides heat adjustment in case current 
drops below the normal 110 volts. 


Where one drop of WETth could cost thousands of dollars— 
DRY your air with Lectrodryers 


If your product must be put together, pro 
cessed or packed in an atmosphere free fro 
WETth (unwanted moisture)—DRY your 
air with low-cost, trouble-free Lectrodryer 


1 aha DSi 


Where needed to protect against 
deterioration of insulation due to WETth 
(unwanted moisture), General Electric 
uses Lectrodryers to DRY air in the speci 
rooms where some types of transformer 
and similar equipment are assembled. 


Need DRY air? Our engineers will be glad 
to give you the benefit of their 20 years’ 
experience in solving WETth problems. — 
Simply write, wire or phone Pittsburgh 
Lectrodryer Corporation, 302 32nd Street, 
Pittsburgh 30, Pa. 


Lowering a transformer into the DRY assembly 
room where the men at left are working. 
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In England: Birlec, Limited, Tyburn Road, Erdington, Birmingham. 
In Australia: Birlec, Limited, 51 Parramatta Road, Glebe, Sydney. 
In France: Stein et Roubaix, 24 Rue Erlanger, Paris XVI. 

In Belgium: $. A. Belge Stein et Roubaix, 320 Rue du Moulin, Bressoux-Liege, 


LECTRODRYERS DRY 
p ALUMINAS 


? 


ECTRODRYER 


* REGISTERED TRADEMARK U.S. PAT. OFF. 
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EW PRODUCT 


e SND WHAT THEIR MAKERS 
e HAVE TO SAY ABOUT THEM 


Rheostats 


A line of vitreous-enamel power rheostats 
formerly manufactured by the Rex Rheo- 
stat Co. is being placed in production. 
They will be available in seven sizes, ranging 
from 50 to 500 watts. Interchangeable with 
the vitreous-enamel power rheostats pro- 
duced by the industry, these however have 
a hinged contact arm which insures long life 
and freedom from excessive burn outs.— 
P. O. Mallory & Co., Inc., Resistor Div., 
3029 E. Washington St., Indianapolis 6, Ind. 


Capacitor Motors 


The line of Tri-Clad* single-phase ca- 
pacitor induction motors is now being 
offered with a resilient-base construction on 
motors rated from 14 to 5 hp, for use where 
freedom from vibration and extra-quiet 
operation are required. All single-phase 
motors have some torque pulsation, but the 
resilient base isolates this vibration so that 
it is not transmitted to the driven machine. 

Another extension to this line is a motor 
of totally enclosed fan-cooled construction. 
Features include starting capacitors and a 
switch mounted within the frame to provide 
maximum protection with minimum space 
requirements. Available in ratings of 1, 1%, 
2, 3, and 5 hp, the new motor was designed 
for use where extra severe conditions of dirt, 
grit, or moisture are encountered. It is also 
offered in explosion-proof and dust-explo- 
sion-proof construction for installation in 
hazardous locations. Typical applications 
are: coal stokers, exhaust fans, grain ele- 
vators, and fuel pumps.—General Electric 
Company, Small & Medium Motor Duwvs., 
Schenectady, New York. 

*Reg. trade-mark of the General Electric Co. 


Precision Spring Coiler 


A spring coiler for making torsion, com- 
pression, extension, and tapered springs, 
coiled either right- or left-hand with no 
changing of arbors. The coiler will handle 
wire stock from 0.005 to 0.125. Springs 
can be made with or without initial tension 
and with open or closed ends. When in- 
dividual or small groups of springs are 
needed for replacements or prototypes or 
experimental work they can be made in a 
matter of minutes, eliminating special 
orders and costly delays. The machine 
comes complete with 3 wire guides, 3 wire 
feed rolls, and 2 coiling points.—Perkins 
Machine and Gear Co., Circuit Ave., West 
Springfield, Mass. 


Motor Control 


A motor control, Type 301-A, consisting 
of a special motor and a companion control 
box. The combination provides finger-tip 
control of motor speed from 50 to 5000 
rpm; between these speeds, the motor will 
deliver up to 10 in.-oz of torque. The action 
of the control is to maintain the speed ap- 
proximately constant at the setting deter- 
mined by the control knob, regardless of 
variations in the load-demand torque. In 
the laboratory, the control can be used to 
drive segmented disks, synchronous 


(Continued on following page) 
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Tempilsti 


A simple 
method of 
determining 
safe operating © 
temperatures 
for 
° BUS BARS 
© POWER TUBES 
© TRANSFORMERS 
and other electrical 
equipment. 
also in: 
@ MOLDING 
CASTING 
FORGING 
DRAWING 
HEAT TREATING 
WELDING 
FLAME-CUTTING, etc. 


It's this simple. Select the 
Tempilstik® for the working 
temperature you want. Mark 
your workpiece with it. When 
the Tempilstik® mark melts, 
the specified temperature has gives up 


been reached. to 2000 
- readings 


eoeeeee 


Available in these temperatures (°F) 


Also available in pellet or liquid form 


! FREE —While we cannot supply 


free Tempilstiks®, we will 
be glad to send you sample Pellets or 
sample Tempilaq® (liquid form) for trial 
under your actual working conditions. 
Be sure to state the temperature of 
interest to you. 

Booth C-117, National Metals Show 
Detroit, October 15-19 


250 
Tempil° corp. 
132 WEST 22nd STREET 

New York 11, N. Y. 
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switches, rotating antennas, etc. It is useful 
in industrial applications as the drive in 
coil-winding machines, conveyor belts, and 
textile spinning and weaving. It is partic- 
ularly adaptable to machine tools, control- 
ling feed rates, and cutting and grinding 
speeds.—Industrial Control Co., Wyandanch, 
L. I., New York. 


Resistors and Rheostats 


A complete line of wire-wound resistors 
and rheostats that meet requirements of 
joint Army-Navy specifications. The rheo- 
stats are offered in 11 types; they include 
both standard and enclosed types, in sizes 
ranging from 25 to 750 watts. They meet 
JAN-R-22 tests including: 5-hr vibration 
test; 50-hr salt-spray corrosion test; and 
150-hr 95 percent humidity electrolysis 
test. The 33 styles of resistors offered 
represent five types, as follows: tab ter- 
minal; tab terminal with hole to clear No. 8 
screw; ferrule terminal; flat-type tab ter- 
minal; and axial terminal. Each of the types 


is available in a complete range of sizes, 
wattages, and resistance values. These 
meet the JAN-R-26A tests including the 
5-hr vibration tests and air-and-water tests 
for thermal shock.—Ohmite Manufacturing 
Co., 4981 Flournoy Street, Chicago 44, 
Illinois. 


Tubes 


Two tubes have recently been developed. 
One, a twin triode Type GL-5844, is ex- 
pected to be widely used in “‘flip-flop” serv- 
ice in binary-system calculators. This tube 
replaces Type 6J6 and requires one-third 
less heater power than the former tube. The 
cutoff voltage between triodes balances 
within a one-volt limit. The second tube is 
a high-vacuum rectifier type, GL-5973, 
designed for use in radar both as a charging 
diode and as a limiter to restrict surge cur- 
rents. Use of a thoriated-tungsten filament 
combined with a low voltage drop allow an 
average current rating much higher than 
that of other tubes of this class.—Tube 
Divisions, General Electric Company, Sche- 
nectady 5, New York. 


Lamp Conversion Kit 


Improv-a-Lite conversion kit for con- 
verting ordinary lamps to 3-way lamps in a 
matter of minutes. The kit, designed primari- 
ly for use with G-E white indirect 3-Lite 
bulbs, consists of a factory-wired 3-way 
socket, wide harp, 8-ft extension cord, and a 
clamp-on plug. Old-style lamps are quickly 
changed to the modern 3-way type, by 
removing the old wire, screwing on the 
Improy-a-Lite fixture, and clamping on the 
plug. The socket and plug are of ivory 


F. 
Beetle plastic, designed for attracti 
pearance and long wear. The use of 
plastic reduces the possibility of ele 
shorts, and it will not dent, tarnish, 
apart.—Monowatt, Inc., Providence, 
Island. 


Hand Tool 


A single hand tool called the Smit 
that fits the small-size standard sg 
head screws and bolts. A smaller copy 
Smitty 5-in-1 hand tool, the new deyi 
six individual socket wrenches, sizes 
ds in., & in., % in., % in., and & im 
fold knife-like into a single sturdy h 
It is small enough to fit into a pocke 
designed to permit needed leverage at 
angle. ,: 

When wrench ends become worn 
can be reground. Then, when comy 
worn down, the individual wrenches « 
easily replaced by removing the en 
and inserting a new wrench of the 
size.—H. D. Hunter Co., 3499 E. 1 
Los Angeles 23, California. | 


Engineering Bulletin 
113 with Greenohm 
general specs, sent on 
request. Let us quote! 


%& You name it—we’ll make it! Handy 


Greenohm general specs enable you to 


select features best fitted to your needs. 


Greenohms, those tougher cement-coated 
power resistors, are offered in the 
widest range of terminals and mount- 
ings. 5 to 200 watt ratings. 


Here, for instance, is Type H30N Green- 
ohm with insulating knob and Edison 
screw base. Easily and safely replace- 
able as resistor or heater unit. 


and KEbUUU 


COPACO « COPAREX e« COPAREX-S — 


One 


COTTRELL PAPER COMPANY 


of the three BELONGS in your job! ji, 


Designed for your electrical requirements 
Fine 100% Rag Stock 

Maximum strength 

Maximum chemical purity 


Available in continuous rolls, sheets or coils ~ 
slit to your order 


Thicknesses .004” to .030”. 


Write for this ( 
Data Sheet &s 


INCORPORATED 


Fall River, Massachusetts 
Factory at Rock City Falls, New York 


CLAROSTAT MFG. CO., INC. 


DOVER, N. H. 
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Representatives in Principal North American Cities 


...seal components hermetically 
...speed up sub-assemblies 


Marion portable, : 


bench-type induction 


SMALL 
COMPACT. 
ADAPTABLE 
EFFICIENT : 
ECONOMICAL | 
EASY-TO-USE 


A PRODUCTION TOOL This unit was designed to simplify and improve 
both the quality and quantity of production of many different 
assemblies in the electronic and electrical fields. It has been used 


successfully for many years in the manufacture of Marion her- 


metically sealed instruments. Assembly applications include 


magnet assemblies, relay armatures, connectors, capacitors and 
transformer cans and germanium diode assemblies; also jewelry, 
watches, toys, automotive parts, household fixtures, etc. 


HERMETICALLY SEALED COMPONENTS Because of the present intense 
interest in hermetically sealed components, Marion offers the 
benefit of its experience in true glass-to-metal hermetic sealing 
with the Marion Induction Soldering Unit and Marion metalized 
(platinum film) glass. Marion platinum film base glass has been 
developed to permit higher sealing temperatures, greater thermal 


shock range and resoldering if necessary. 


PROFIT FROM EXPERIENCE Investigate now. Submit your requirements. 
We will be glad to supply samples and quotations. Ask for 
bulletin. Marion Electrical Instrument Company, 413 Canal Street, 
Manchester, New Hampshire. 
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These Choppers convert low level 
DC into pulsating DC or AC so that 
servo-mechanism error voltages 
and the output of thermocouples 
and strain gauges, may be amplified 
by means of an AC rather than a 
DC amplifier. 

They ore hermetically sealed, 
Precision vibrators having special 
features which contribute to long 
life and low noise level. 


WRITE FOR THESE 
CATALOGS... 


#280 
10-500 cycles 


#246A 
60 cycles 


TRADE LITERATURE 


ANALOG CompuTors—A catalog and man- 
ual on GAP/R High-speed All-electronic 
analog computors covering origin, develop- 
ment, applications, component philosophy, 
operating procedures, oscilloscope presenta- 
tion techniques, choice of scale factors, etc. 
Thirty-six pages.—George A. Philbrick Re- 
searches, Inc., 230 Congress St., Boston 10, 
Mass. 


ConbuUIT AND CABLE FitTincs—Listed in 
complete easy-to-find form are conduit and 
cable fittings for all types of raceways, 
grouped according to the raceway each 
serves. Large-size illustrations and the 
many charts of connector sizes and capaci- 
ties, strain-relief bushings, and ground fit- 
tings make for easy selection. 68 pages. 
Bulletin No. 65.—Thomas & Betts Co., Inc., 
Butler St., Elizabeth, New Jersey. 


ELEcTRONICS—Explains the part electronics 
will play in America’s defense economy, and 
General Electric’s contributions to this 
period, Titled ‘‘Electronics in the Public 
Interest.’”’ Eight pages.—Electronics Depart- 
ment, General Electric Co., Electronics Park, 
Syracuse, New York. 


InpUcTION HEATING—A bulletin contain- 
ing a selector chart for induction heating 
and melting and a table giving heating and 
melting speeds for induction equipments, 
as well as case-history descriptions of 
actual installations. Eight pages. Bulletin 
No. 27A.—A jax Electrothermic Corp., Tren- 
ton 5, New Jersey. 


Microscores—A line of laboratory 
scopes, called Dynoptic Labroscope 
completely described and handsomel; 
trated. There is a section on optical 
ment for these instruments, and a 
list is included. Twenty-four pages. C 
D-185.—Bausch & Lomb Optical 
Rochester 2, New York. 


PuncH AND Dir SETTING—A mar 
practical information regarding th 
plication of the Cerromatrix meth 
making various types of dies. Pre 
illustrated with photographs and dra 
Twenty pages. Bulletin A15.—Cer 
Pasco Corp., 40 Wall St., New York 5, 


So_pER—An educational brochure ¢ 
nature, properties, and uses of § 
Following a list of practical applic 
and a comprehensive description 
Federated solders there is a résui 
specifications and technical data. T 
six pages. Titled ‘‘Solder.’’—Fec 
Metals Dw., American Smelting an 


fining Co., 120 Broadway, New York, 


TRANSFORMERS—Research, design, ant 
duction facilities are given for the : 
facture of specialty transformers. E 
sion since World War II is shown ] 
graphically. Product and applicatio 
tions are included. Twenty-four pa 
Sola Electric Co., 4633 West 16t 
Chicago, Iilinots. i 


BRILLIANT 


Recording engineers have learned to rely 


the audio and instrumentation fields. 


unequalled performance. Through long 


built Ampex delivers reliable performance 
with minimum upkeep time . . 


Exclusive INTERCHANGEABLE TAPE Feature 
How well Ampex has learned 
to build unrivaled accuracy 


into its products is well e@ CONSOLE 


a bis a the interchange- 
able tape feature. Ampexed H H 
PSA be ye ey, @ PORTABLE in twin cas 
pex Recorder with the same 

timing and response as it 
would on the machine that 
made the original recording ! 


LO} 
AX-57 
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Distinguished by 


PERFORMANCE 


on Ampex for top performance in both 


Mechanical flexibility and reliability, incorporated 
into Ampex Recorders, are a bulwark to their 


gruelling hours of continuous service the precision 


that’s why Ampex has unchallenged leadership. 


® RACK MOUNTING 


MODEL 300 Complete 4 
15 & 7% Ins. Per | Specifications — 


Sec. For audio re- 1 
- and other useful i 
cording to,.15,000)) i oti cing seca 


cycles. ith . * 
MODEL 301 without obligation 
30 & 15 Ins. Per Sec. | “eavest. i 

For frequencies to 
15,000 cps. Simpli- 
fies program editing. 

MODEL 307 

60, 30 & 15 Ins, Per 
Sec. For instrumenta- 
tion uses to 100,000 
cps. 


1a, he 
MAGNETIC TAPE RECORDEI 
AMPEX ELECTRIC CORPORATION + Redwood City, Ce 
Distributors in Principal Cities : 


‘ 
, 


October, 


(Available books may be purchased through the GENERAL ELECTRIC REVIEW for domestic delivery; none sent on approvol.) 


TICIZERS 


. Buttrey—Cleaver-Hume Press, Lon- 
(New York: Interscience Publishers). 
175 pp. $3.50. 
is is primarily a compilation of data 
manufacturers’ trade publications and 
British and American patents. It is 
1 to have this information in one place. 
erous graphs and tables of properties 
lso welcome. However, the book seems 
essly written, a fault which seriously 
Ss its readability. Some compounds are 
operly classified. A fuller use of out- 
style, in listing properties and uses, 
d help. The last chapter does not give 
oherent, lucid explanation of plastic- 
action which is needed. 

M. M. SPRUNG 


ATOMS—PROGRESS AND SOME MeEm- 
5 


Hahn (Edited by W. Gaade)— 
rier Publishing Co., New York. 1950. 
yp. $1.75. 


ie personal reminiscences of a pioneer 
1ew field of science are usually of value. 
his reason New Atoms, which is largely 
scount of Prof. Otto Hahn’s important 
-in radiochemistry, will interest the 
alist as well as the scientific layman, for 
n it was intended. 

ie short book begins with the address 
1 delivered on receiving the 1944 Nobel 
. in Chemistry. There follows an ac- 
t of nuclear structure and an explana- 


tion of the chain reaction of uranium, a 
development which mushroomed from the 

1938 observation of uranium fission in 
Hahn’s Berlin laboratory. Next comes a 
review of the published information about 
the new artificial elements: technetium (43), 
prometheum (61), astatine (85), francium 
(87), neptunium (93), plutonium (94), 
americium (95), curium (96), berkelium (97), 
and californium (98). The final chapter is 
devoted entirely to Hahn’s personal remi- 
niscences, particularly of the halcyon period 
before World War I. 

_ The book does not conceal the apprehen- 
sion with which Hahn, a man recognized 
outside of Germany for his personal integ- 
rity, views the nucleus, from which vast 
energy is available for creation or destruc- 
tion. HERBERT C. PoLLock 


SURVEY OF MODERN ELECTRONICS 
Paul G. Andres—John Wiley & Sons, New 
York. 1950. 522 pp. $5.75. 

This book covers briefly the fundamentals 
of the operating principles of the majority 
of electron tubes available today. These 
include gas- and vapor-filled tubes such as 
neon and fluorescent lamps, Geiger counters, 
flash tubes, thyratrons, and ignitrons, the 
common high-vacuum tubes and _ special- 
purpose types such as magnetrons, x-ray 
tubes, cyclotrons and betatrons, photo- 
sensitive tubes and cathode-ray tubes. The 
construction of various tube types is illus- 
trated by photographs and cross-sectional 


drawings. Interesting examples are given of 
their use in the fields of industrial control, 
instrumentation, communication, and enter- 
tainment. 

The book is suitable for use either as a 
reference or as a textbook. Specific ref- 
erences and pertinent problems are located 
at the end of each chapter. An appendix 
contains a bibliography of general ref- 
erences, periodicals, and suppliers of educa- 
tion films dealing with electronics. 


H. W. Lorp 


THEORY AND APPLICATION OF ELECTRICAL 
ENGINEERING 


Eugene W. Schilling—International Text- 
book Co., Scranton (Pa.). 1951. 402 pp. 
$6.50. 

Most college professors have individual 
ideas on how an engineering course should - 
be presented; and they generally find it 
necessary to write a book in order to have 
an appropriate text for their particular 
course. Apparently this need prompted Mr. 
Schilling to write this book. 

A wealth of electrical-engineering theory 
is presented, along with appropriate prob- 
lems. The major emphasis is on basic circuit 
and machine theory, although one chapter 
on electronics and one chapter on illumina- 
tion are included. 

The chief emphasis of the book is placed 
on the presentation of a good physical 
picture to the student. Certainly the large 


(Continued on following page) 
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British Thomson-Houston Co., Ltd. 


Edison Swan Electric Co., Ltd. 
(Incorporating Harcourts Limited) 


Ferguson Pailin Limited 
Hotpoint Electric Appliance Co., Ltd. 
(Incorporating International Refrigerator Co., Ltd. 
and Premier Electric Heaters’ Ltd.) 


Metropolitan-Vickers 
Electrical Co., Ltd. 


Metropolitan-Vickers-GRS. Ltd. 
Newton Victor Ltd. 


Agents and Licensees of the 
GENERAL ELECTRIC Co., U.S.A. 
for the United Kingdom. 
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Terminal 


New Miniature Insulated Terminals 


Featuring ex- 
tremely small size 
combined with ex- 
cellent dielectric 
properties, three 
new miniature in- 
sulated terminals 
are now available 
from CTC. 


Designed to meet 
the requirements of 
the miniaturization 
programs now being 
carried out by man- 
ufacturers of elec- 
trical and electronic 
equipment, the ter- 
minals come ‘in 
three lengths of di- 
electric and with 
voltage breakdown 
ratings up to 5800 
volts. In addition, 
they have an ex- 
tremely low capaci- 
tance to ground. 


HH x1980xA 1 
pot Enlarged 
Bi 

7 


The X1980XA is the smallest terminal, having an over-all height of only 
three-eighths of an inch including lug. Insulators are grade L-5 ceramic, silicone 
impregnated for maximum resistance to moisture and fungi. 

All terminals have hex-type mounting studs with 3/48 thread or .141’” OD 
rivet style mounting. Mounting studs are cadmium plated, terminals are of 
bright-alloy plated brass. 


Write for additional data. 


Turret 


CAMBRIDGE THERMIONIC CORP. 
452 Concord Ave., Cambridge 38, Mass. 
West Coast Stock Maintained By: E. V. Roberts, 
5014 Venice Blvd., Los Angeles, California 
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WITH THE 


gerohead pick-up 


Aerohead Pickup is suitable for subsonic 
and supersonic speed measurements. It 
faces the airstream ideally sampling 
total and static pressures transmitted 
through the swivelhead with less than 
1% error. Measures pitch and yaw angle 
with 0.2° accuracy to range of +20°. 

Has small size, high natural frequency 
and potentiometric angle output 0 to 5 
volts DC. Also available without pitot 
static tube. 


or datails'on this and other instruments 
write: G. M. GIANNINI & CO., INC. 
PASADENA 1. CALIFORNIA 


” 
«++PANELS UP TO 25 WIDE 


IN YOUR OWN SHOP WITH THE 


WEW ENGRAVOGRAPH 


Portable Model 1-S 


Send for Booklets 
1-S45—portable model 


H-45—heavy duty model Self-centering holding vise for nameplates. 


new hermes 


a aeck, nara 


13-19 University Pl, N. Y. 3, N.Y. 
CANADA: 359 St. James St., Montreal 


World's Largest Manufacturer of Portable Engraving Machines 
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The only portable machine which reproduces 
15 sizes from one master alphabet. 


BOOK REVIEWS (Continued) 


amount of descriptive material does offer a 
logical persuasive presentation of the sub- 
ject. Aside from its purpose as an under- 
graduate text book, the text may serve for 
the graduate mechanical engineer who 
would like to obtain an understanding of 
electrical-engineering phenomena through 
individual study. W. D. BARTLETT 


QUAKERS IN SCIENCE AND INDUSTRY 
Arthur Raistrick—Philosophical Library, 
New York. 1950. 361 pp. $6.00. 


Despite restrictions and persecutions fall- 
ing upon them in the 16th and 17th cen- 
turies, the Quakers, through their unity, 
managed nevertheless to establish them- 
selves in the growing industry, trade, and 
finance of England. Through all this, in the 
early years of the Society of Friends, they 
maintained strict adherence to their rules 
of simple living and freedom from luxury. 

Quakers in Science and Industry pre- 
sents a picture of the various activities 
open to the Quakers in these early days, and 
describes in interesting detail the growth of 
some of the more important company and 
family groups which eventually came to 
take a prominent place in England’s com- 
merce and industry. ROGER C. STAPLES 


OPERATIONAL CALCULUS 


Balth. van der Pol and H. Bremmer— 
Cambridge University Press, New York. 
1950. 415 pp. $10.00. 


Another extensive and comprehensive 
treatise on modern operational calculus is 
offered by one of the leading contributors to 
the subject. This really delightful book com- 
bines simplicity of presentation with vigor 
in demonstration and excels in a great 


The only one with adjustable copy holding 
slides for multiline engraving in one set-up. 


27 
31 
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variety of application to mathema 
physics, and engineering. 

The operational rules are greatly sin 
fied by the use of the two-sided Lag 
integral, at the same time making a n 
larger class of functions and phy 
phenomena available for analysis. Althc 
a rigorous mathematical basis is establis 
proofs of the more advanced theorems ] 
been left out to limit the size of the b 
The last chapter presents the theory 
simultaneous operational calculus, dee 
with the transformations of function 
more than one variable by means of mult 
Laplace integrals. The book closes witl 
extensive list of operational rules 
relations. G. K 


FOUNDATIONS OF AERODYNAMICS 


A. M. Kuethe and J. D. Schetzer—J 
Wiley & Sons, New York. 1950. 374 
$5.75. 

This is an excellent perspective surve 
aerodynamics. The number of topics 
which the authors have succeeded in 
viding introductions is remarkable. Som 
the topics, the treatment of isotropic 
anisotropic turbulence for instance, 
covered in a manner which is other 
available only in the original papers. Ir 
cases the problems are treated with s 
cient mathematical rigor so that t 
actually do provide a real introductio1 
more advanced treatises on the indivic 
topics. 

The use of vector analysis and of 
methods of advanced calculus is extens 
The book seems likely to be more use 
however, as a reference text to supplen 
some previous acquaintance with the ; 
ject than as an introductory text. 

D. C. PRINCE, 


gars 


One of two Synchronous Condensers, Outdoor type hydrogen-cooled, rate 
48,000 kva, 13,800 volts, 720 rpm, built at Peterborough Works, of r 
Canadian General Electric Co Ltd and installed at a large 
transformer station of the H.E.P.C. of Ontario. 


12 FACTORIES manufacture G-E products 


WAREHOUSES provide a convenient 
source of supply from coast to coast. 


SALES and ENGINEERING OFFICES 
give complete nation-wide sales service. 


CANADIAN GENERAL ELECTRIC COMPAR 


LIMITED 


Head Office - Toronto—Sales Offices from Coast to Co 
TTS OT 


October, ] 
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G-E RELAYS 
HAVE MANY ELECTRONIC 
EQUIPMENT APPLICATIONS 


Because they’re available in so 
many forms—with up to eight poles, 
and in any combination of nor- 
mally open and normally closed 
contacts—these CR2810-A11 relays 
have many electronic-circuit appli- 
cations. Tips can easily be changed 
from normally open to normally 
|, without additional parts, to accommodate circuit modi- 
ms. They're rated to carry 10 amps a-c. Construction 
es are shown in Bulletin GEA-5154. 


ss | 


CURRENT-LIMITED HIGH-POTENTIAL TESTER — 
FOR GREATER SAFETY IN INSULATION TESTING 


inimize most of the hazards of high-potential testing, this 


nsulation tester limits output current to 5 milliamperes - 


num, considerably below the “let go” level. As a result, 
in use this hi-pot tester without the usual interlocks, cages, 
ety barriers. Testing is non-destructive—flashovers cannot 
insulation or damage equipment. Weighing only 22 Ibs., 
nit can easily be carried between test locations. Range: 
5500 volts RMS. Send for Bulletin GEC-700. 


KEEP 
A STEADY . 
115 VOLTS 
WITH THESE 
STABILIZERS 


sh line voltage may fluctuate anywhere between 95 to 130, 

voltage stabilizer will keep input to sensitive equipment 
eady 115 volts. By means of a special transformer circuit 
units maintain this output within +19 for fixed, unity- 
--factor loads. Fast response restores normal voltage within 
cycles. Certain units—15, 25, and 50 va—are small enough 
hes high by 9 inches long) to mount on radio or electronic 
ment chassis. Other standard ratings to 5000 va are avail- 
or larger installation. Write for Bulletin GEA-3634. 
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EQUIPMENT FOR 
ELECTRONIC MANUFACTURERS 


A partial list of the thousands of items in the 
complete G-E line. We'll tell you about them 
each month on these pages. 


Components 


Meters and instruments Timers 


Capacitors Indicating lights 
Transformers Control switches 
Pulse-forming networks Generators 
Delay lines  Selsyns 
Reactors Relays 
*Thyrite | Amplidynes 
Motor-generator sets Amplistats 
Inductrols © Terminal boards 
Resistors  Pushbuttons 


Photovoltaic cells 
Glass bushings 
Dynamotors 


Voltage stabilizers 
Fractional-hp motors 
Rectifiers 


Development and 
Production Equipment 


Soldering irons 
Resistance welding control 
Current-limited high-potential tester 
Insulation testers 
Vacuum-tube voltmeter 
Photoelectric recorders 
Demagnetizers 


* Reg. Trade-Mark of General Electric Co. 


General Electric Company, Section 0667-17 

Schenectady 5, N. Y. 

Please send me the following bulletins: 

Indicate ) GEA-3634 Voltage stabilizers 

(V) for reference only ) GEA-4996 Capacitor networks 

(x) for planning and ) GEA-5154 CR2810-A11 Relays 
immediate project ) GEC-700 High-potential tester 

) GEC-809 Dual-rated capacitors 

) GEC-811 Permafil capacitors 
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LIBRARY NOTES 


ON ARTICLES IN OTHER TECHNICAL JOURNALS 


AVIATION 


KIDDE’s ELEcTRONIC FIRE DETECTOR. 
Aviation Week, May 14, 1951; v. 54, p. 50. 
Describes a fire detector for aircraft 


engines. 
PACKAGING OF AIR-BORNE ELECTRONIC 
EQUIPMENT. Orville M. Dunning. Aero 


Engng. Rev., May, 1951; v. 10, p. 29. 


The problems involved in assembling 
miniature electronic units for aircraft. 


CALCULATING INSTRUMENTS 


MECHANIZED REASONING; LOGICAL CoM- 
PUTERS AND THEIR DeEsIGN, by D. M. Mc- 
Callum and J. B. Smith. Electronic Engng., 
Apr. 1951; v. 23, p. 126. 
Description of the Ferranti logical com- 
puter for the solution of logical problems 
of relatively simple mechanical means. 


PRINCIPLE AND DESIGN OF A NEW TYPE 
STIELTJES INTEGRATOR, by Ernst H. 
Winkler. Rev. of Sci. Instr., June 1951; v. 
22, p. 406. 


Describes a mechanical instrument for 
solving Stieltjes integrals. 
GRINDING AND POLISHING 


PRODUCTION PLUNGE-cUT GRINDING. Frank 
ye Curtis. Tool Engr. May, 1951; v. 26, p. 
8. 


Describes a type of grinding done by 
feeding an abrasive wheel directly into a 


GREEN 


ENGRAVER 


Proved Profitable -MachineTool, Radio, Electrical 


cylindrical part, so that the entire width 
of the area or areas to be ground are 
finished simultaneously. 


Correct Mountinc MetruHops ELIMINATE 
GRINDING-WHEEL BREAKAGE. Steel, May 7, 
1951; v. 128, p. 122. 
Information based on research on the 
amount of torque to use when mounting 
wheels on cylindrical grinding machines. 


HYDRAULIC TRANSMISSION 


CONSTANT SPEED FOR AIRBORNE GENERA- 
Tors, by George L. Christian. Aviation 
Week, June 25, 1951; v. 54, p. 48. 


Describes Sundstrand’s jet-engine-driven, 
hydraulic, constant-speed alternator drive. 


HYDRAULIC SERVOCONTROLS IN THE STEEL 
Inpustry, by H. Ziebolz. Instruments, 
June 1951; v. 24, p. 650. 


Advantages and disadvantages of hy- 
draulic servosystems are explained and a 
method for obtaining proportional-plus- 
reset control with a hydraulic system is 
shown. 


METALS 


NEw MAGNETIC PARTICLE-TESTING TECH- 
NIQUE SPEEDS INSPECTION OF FERROUS 
Parts, by S. G. Kelley, Jr. Mat. & Methods, 
June 1951; v. 33, p. 66. 
Modified magnetic particle-inspection 
method detects, in one operation, surface 
defects occurring in any direction. 


POSSIBILITIES AND LIMITATIONS OF 
MarrorM Process. Henry P. Hessl 
others. Mach., May 1951; v. 57, p. 15 


Gives specific information on the 
cation and economical use of the ¢ 
in the manufacture of sheet-metal 


RADIO ENGINEERING 


AIR-TO-AIR TROPOSPHERIC Rapio F 
GATION. G. B. Fanning and others. 
Data Digest, May 1951; v. 16, p. 19. 


Describes tests between two airer 
the same altitude over the same ft 
f 


TRANSFORMERS 


ELECTROSTATIC DIRECT-CURRENT 1 
FORMER OF 300 KiLovo ts, by José h 
Malpica. Rev. of Sci. Instr., June 19 
22, p. 364. 
Describes an electrostatic transfort 
direct current which permits the c 
uous transfer of electrical charges f 
primary circuit to a secondary circ 
means of a rotating dielectric. 


FORCED-COOLED TRANSFORMER Cost 
MIZED WITH OPTIMUM SECONDARY VO 
RatTINnG, by W. R. Bullard. Elec. Lt. ¢ 
July 1951; v. 29, p. 66. 


Calculations make possible select 
transformer secondary voltage 
which will allow full utilization of r 
ting equipment without exceeding 
excitation limit of transformer. 


SEXTON CAN COMPANY 


Incorporated 


Everett 


Ash Barrels 


Massachusetts 


Monufacturers of 


Underground Garbage Receiver 


Kitchen Waste Cans 


and Instrument Mfrs., Sales Promotion Advertising. 


Fast, rugged, convenient—and inexpensive. The 
Green Engraver is tops for low-cost performance— 
zips out precision work on metal, plastics or wood... 
cuts four lines of letters from 3/64" to 1” on curved 
.. Operates by tracing ... makes 
anyone an expert... engraves panels, name plates, 
scales, dials, molds, lenses and_ instruments. (Also 
widely used for routing, profiling and three dimen- 
sional modeling.) Electric etching attachment avail- 


or flat surfaces . 


able. 


Special attachments and engineering service avail- 


able for production work. 


FREE—Fact-packed folder. Send for yours today 


m 374 Putnam Avenue 
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GREEN INSTRUMENT COMPANY 


Cc 


Open and Closed 


METAL STAMPINGS 
SPECIAL SHEET METAL 


APACITOR CASES 
both Fabricated and Deep Drawn 


FIVE GALLON é 
Top Shipping Containers 


WORK 


oer eae 


‘ 
{ 


Cambridge, Mass. 


_ 


POWER-PLANT |. 


KIRKLAND aNNUNCIATOI 


SIGNAL SYSTEMS TO YOUR SPE‘ 
CATIONS ORSTANDARDIZED DES! 
TO COVER MANY DIFFERENT T} 
OF SERVICE. Consider for example ou: 
MLBR-200 as illustrated; when the s 
vized contacts become abnormal the at 
signal is sounded and the engraved me 
is lighted in red and white. Toggle opet 
cuts off audible and lights message in 
When contacts restore to normal, the at 
is again sounded automatically and the 
sage is lighted in white. Toggle ope 
removes the audible signal, and lamps. 


ILLUMINATED MESSAGE AREA 2” W, x 
Individual boxes molded of bakelite, (3 
1%"), with PLUG-IN relay in rear. Syste 
voltages to 250 V. AC or DC, Attractive | 


Established 1930 


THE H. R. KIRKLAND CC 
MORRISTOWN, N. J. 
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